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WITH THE BENDIX 
G-15 COMPUTER YOU CAN 


on RE IS NO NEED TO DELAY that 
important decision to install a com- 
puter. At a low initial investment... 
without adding special personnel or 
facilities, you can start now to pro- 
vide your firm with the money-saving 


speed and precision of proven electronic computation. @ And you 


can inaugurate your computer program with the foreknowledge that 


the G-15 can be easily expanded, easily adapted to your computational 


% growth...without re-programming, without awkward modifications. 
t You know from the beginning that your G-15 will be able 
easily assimilate the full range of input-output devices—paper tape, } 
punched cards and magnetic tape, in addition to special code conver- 
; sion, printing and graphic output units...all proven in a wide 
., variety of applications. Simplified, minimum-cost application expan- 
sion is made possible by an extensive library of Bendix routines and 
automatic programming systems. @ Thus, with equal efficiency, the 
¥ G-15 has served a one-man company and corporations of many thou- 
) sands. More important, that one-man company has grown to a team 
of 47—still economically served by an enlarged G-15 system. @ These 
4 facts point to the practical economy and ease of initiating your data 
} processing program...moving from a low cost basic G-15 compute 


to a powerful, integrated medium-scale system, capable of spannin 


é the full range of scientific and commercial applications. They make 


clear that there is a G-15 system to match your data processing 


requirements starting now. 


For application information write: 


Bendix Computer Division 


DEPT vY-28 LOS ANGELES 45. CALIFORNIA 
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THE COVER, a watercolor painted for 
I*R by artist Felix Palm, shows the 
French freighter Joliet being unloaded 
at Chicago's Calumet Harbor. The 
harbor, an extension of the Atlantic 
Ocean made possible by the St. Law- 
rence Seaway project, illustrates the 
emergence of a growing foreign com- 
petition, subject of the »»ecial section 
in this issue. 

While on the one hand the research, 
development, production, and market- 
ing foreign-aid programs of the United 
States have bolstered war-torn or 
underdeveloped economies, they have 
served on the other hand to provide 
the U.S. with new competition. In the 
long run this may be for the good, 
since foreign markets cannot exist 
without higher standards of foreign 
living, and the attendant industrial 
competition is a natural result of these 
higher standards. 

The four articles in this section — 
Europe's New Industry: Threat or 
Promise?, The Contest in Steel, World 
Rise in Plastics, and Computer Prog- 
ress in Japan attempt to penetrate this 
seeming paradox and shed some light 


et on specific research and industrial de- 
velopments. 


This issue also attempts to steer a 
way through the murky claims of com- 
puter devotees with two articles on 
computer applications— Computer Ap- 
plications in Industrial Research and 
Computer Applications in Chemical 
Processing. 

Several years ago, a new chemical, 
gibberellic acid, was announced as the 
wonder-drug of agriculture. The 
Stunted Growth of Gibberellin is an 
account of technical and commercial 
progress to date with this “Jack-and- 
the-beanstalk” chemical. 

Lastly, the Speedup in Office Copy- 
ing is told in a hopefully unbiased 
manner to create a pattern out of the 
many new and wonderful copying- 
machine developments now emerging 
from research laboratories. 


46,000 copies of this issue printed. 
Circulation audited and verified by 
Verified Audit Circulation Corp. 
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Industrial Research is dedicated ir 
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between invention and 
production. It seeks to do this 
by informing technical 
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and research workers 

of new scientific developments 
and their profitable applications 
in all fields of industry. 
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BUTYL 


TOPS ALL-’ROU 


RESISTANCE TO TEAR 
AND ABRASION 


Enjay Butyl offers the highest 
aged tear strength of any rub- 
ber ... even after long exposure 
to ozone and heat! Its inherent 
toughness resists abrasive wear, 
in such applications as tires, 
conveyer belts, hose and other 
mechanical goods. 


RESISTANCE TO SUN- 
LIGHT AND WEATHERING 


Enjay Butyl has proven its re- 
sistance to ultra-violet light, 
ozone, oxidation, moisture and 
mildew. Increases life of prod- 
ucts such as weatherstrips, 
garden hose, wading pools and 
automotive parts. 


RESISTANCE TO CHEMICALS 


Enjay Butyl, because of its unique and extremely low 
degree of unsaturation, offers excellent resistance to 


corrosive chemicals. The preferred rubber for tank lin- 


ings, hose, seals, gaskets and other applications where 
exacting chemical resistance is required. 


Vivid 
COLORS 


Enjay Butyl requires no addi- 
tives for quality coloring over 
a wide range of hues. Famous 
for colorability and smooth 
finishes, Butyl has been suc- 
cessfully plastic coated for 
special applications. 
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DAMPING PROPERTIES IMPERMEABILITY TO 
Enjay Butyl absorbs shock and GASES AND MOISTURE 


vibrational energy more com- 
S: Enjay Butyl is tops in imperme- 


ability to gases and moisture... 
retains air pressure 8 times better 
than natural rubber. Outperforms 
other rubbers in such application 
as inner tubes, jar and bottle 
seals, hoses and inflatable goods. 


pletely than any other rubber. 
Resiliency can be varied in com- 
pounding and processing. Butyl 
is ideal for axle and body bump- 
ers, motor mounts and sound- 
deadening applications. 


The outstanding properties of Butyl Rubber create new horizons for 
the designer, and offer to manufacturers an opportunity to utilize the 
qualities of rubber in applications never before possible. The unique 
properties of Butyl have led to vast improvement in many existing 


products. Technical skills will open the way to countless new uses. 
‘ 


Butyl is the “idea” rubber with uses stretching as far as the imagi- 
nation can reach. We'll be glad to tell you all about it. Just contact 
the nearest Enjay office. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


ELECTRICAL RESISTANCE 


Enjay Butyl tops all vulcaniza- 
ble rubbers in electrical and 
dielectric properties ... in resis- 
tance to corona and ozone break- 
down and water absorption. Its 
high dielectric strength insures 
against electric breakdown under 
normal or surge voltage. Its heat 
resistance permits higher current 
flow for a given conductor size. 


HoME OFFICE :15 West 51st Street, 
New York 19, N. Y. OTHER 
OFFICES: Akron « Boston « 
Charlotte « Chicago « Detroit « 
Houston « Los Angeles * New 
Orleans « Tulsa 
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We St i n g h 0 u S a New 30-amp ratings, the industry's highest! 


These latest Westinghouse Silicon Power 
Transistors are especially designed for those 

30-amp silicon applications where you need more transistor 
power, extra long-life and extra stability un- 

der all operating conditions. Your choice 

° of nine devices in this new family—each 


rock-top rated at 30 amps.—for greater flexibility 


m of circuit design in high-power applications. 
power transistors Other Westinghouse high-performance 
features include: + Exclusive ‘“‘rocktop’’ 
ceramic construction for greater reliability 
- Voltage ratings to 200 volts - Double-ended 
case design Low saturation resistance 
250 watts power dissipation. 
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Production quantities of the type 115 fam- 
ily are now available. Westinghouse also 
offers the 2N1015 and 2N1016 series of 
Silicon Transistors, ideal as companion 
drivers. Military and industrial applications 
include: power supplies/regulators/ampili- 
fiers/high-power switching/inverters. 

For more information call your nearest 
Westinghouse representative or semicon- 
ductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Young- 
wood, Pa. Ssc-1012 

You can be sure... if it’s 


Westinghouse 


For immediate “off-the-shelf” delivery, 
order from these Westinghouse 
Distributors : 


EASTERN 
ACK SEMICONDUCTOR, INC 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC 
Melbourne, Florida/PA 3-144] 
GENERAL RADIO SUPPLY CO 
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LENERT CO Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO 
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WHOLESALE ELECTRONICS SUPPLY 
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ELMAR ELECTRONICS 
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HAMILTON ELECTRO SALES 
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Inglewood Calif /OR 4-8440 
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FEEDBACK /rom readers 


One reader's survey 
Sir 

I just came across the results of your survey about 
“What Motivates the Technical Man?” in the June 
July issue, and thought it was very enlightening. You 
have done an unusually fine job of describing the re 
lationships of engineers and scientists to the companies 
that employ them. 

Several months ago I decided to look for a new po- 
sition, and ended up conducting a “survey” of my own 
that I thought other readers would like to know about 

The first thing I did was to read the employment ads 
in your magazine and others, and also in two major 
newspapers that carry Sunday recruitment advertising 

Because I am a senior electronics engineer, the pros 
pects looked encouraging. I had an excellent academic 
record in a good university, two degrees, several years 
of worthwhile experience, and several patents to my 
credit. In other respects, I have no major handicaps 
I am not identified with national or racial groups, 
which are the last to be hired, nor do I have trouble 
getting along with people 

From the recruitment advertising I studied, it seemed 
that about all I would have to do was pick the place 
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New Pressure-to-Voltage System 


tiff metal diaphrae 


ng part in tt OW itradyr 
pt 41 DC/D6 pre ure trar fucer 
package it give you all the advan 
tages of a variable-reluctance trar 
lucer without the disadvantages of AC 
tra 10F W rite wire or phone for 
mm plete ficatior and apy a 
tion data 
= 
LTRADYNE 
INCORPORATED of The Condec Group 


P.0. BOX 3308 ALBUQUERQUE, NEW MEXICO 


I would like to work, excluding as possibilities those 
companies needing very highly specialized men. So to 
get a concrete idea of opportunities that might be open, 
I prepared a resume and sent a copy along with a letter 
to about 25 well-known companies in different parts of 
the country, and to a few employment agencies that 
advertised a specific position. 

The results were astonishing. 

While I hardly expected to get 25 job offers by re- 
turn mail, the fact is that more than half of the com- 
panies failed to reply at all, even though I'd addressed 
each letter as instructed by the advertisement. 

I had two phone calls within a few days, one leading 
to my acceptance of a position. Other answers started 
coming in a week after I mailed my letters, and con- 
tinued for about six weeks. 

Some contained an application form. (One major 
aircraft company has a long form that expressly re- 
quires giving the middle name, not just the middle 
initial, of all persons used as references. Another major 
aircraft company makes a far better impression by re 
questing only information about past employment that 
might not be included in a separate resumé. ) 

Two companies invited me to visit them at their ex- 
pense, and did not request that an application be filled 
out. A few companies replied with a personal letter 
explaining they did not have a current suitable open- 
ing. I called the personnel department of one large 
respected company in the city I was located to discuss 
advertised openings. The personnel manager said he 
would send an application form, but it never arrived 

Answers from agencies, which had been so specific 
about positions in the ads, were now very vague, not 
only about the type of company but about the type of 
job as well. Agencies mainly were interested in secur 
ing my signature on a contract 

This experience convinced me that the well-recognized 
(by engineers) poor quality of personnel departments 
is destroying companies’ million-dollar advertising pro 
grams. 

Companies that handle recruitment inquiries quickly 
and efficiently have a major competitive advantage in 
solving their engineering shortage, if they have one 
When an engineer decides to change positions, he is 
not going to be available indefinitely, usually not for 
even a month. 

Lethargic “personnel personnel” who neglect answer 
ing a respectable inquiry are negating the corporate 
dignity that many companies are trying to build. Such 
firms not only waste advertising funds, but ignore 
potentially valuable employes or future well-disposed 
customers 
(Name withheld by request 


Sounds on sound 
Sir: 

Concerning your special section on sound, you may 
be interested in knowing that we have conducted tests 
in the field of sound, and have noticed some direct cor 
relation between sound and vibration testing such as 
experienced in the environmental test requirements by 
various defense agencies. 

Yours is an excellent publication, and I am sure that 
you will continue experiencing success. 

Emile J. Petre 

General Manager 
Stephens Trusonic Inc. 
Culver City, Calif. 
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__& MAJOR CAUSE OF FAILURE ELIMINATED BY 
"BUILDING A TRANSISTOR INSIDE ITS OWN SHELL 


in theory, but new in the ‘wal tis done: Fairchild first. Then 
are diffused under the oxide. Contaminants cannot reach them during prema 
€ ‘is unchanged by time, use, environment or even exposure to foreign r 


system reliability where thousands of transistors must all be operative at a 

__ instant — for fast, simple circuits tightly packed in minimum space ~ for carefully matched pairs, triplets 

The 
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e advantages apply tc 0 planar diodes, too. Of course, Fairchild planar silicon transistors PS : 
process and results 
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Sir: 

The article “Life Sounds and 
Communications” well-written, 
factual, and contains a reasonable 
hypothesis for things to happen in 
the future. 

Dr. Robert W. Benson 

Prof. of Electrical Engineering 
Vanderbilt Univ 

Nashville, Tenn 


Reliability 


Sir: 

The articles on reliability in your 
Oct-Nov issue were quite interest- 
ing. They provide one example of 
the increasing interest of the engin- 
eering profession toward producing 
highly reliable equipment. 

A program currently underway is 
the development of an ultra-reliable 
receiver in the frequency range from 
1700 to 2300 megacycles. A prelim- 
inary model has been delivered to 
WADD which has a predicted 
“mean time between failures” of 38, 
000 hours. Another model being life 
tested by the contractor has oper 
ated so far for more than 4,000 hours 
without a failure. 

We feel that reliability techniques 
utilized in this program are valuable 
for use in all types of communica 
tions equipment development. Em- 
phasis is on design and circuitry 
techniques, rather than quality con 
trol. 

In the future it appears that the 
design engineer will become more 
and more a reliability engineer. Re- 
liability must be introduced in the 
earliest stages of development and 
carried through operational life. 

George H. Scheer 

Chief, Basic Techniques Branch 

Communications Laboratory 

Wright Air Development Division 

Wright-Patterson A. F. Base, O 
Sir: 

Your two excellent articles on re- 
liability were called to my attention. 
More articles on the engineering 
problems of reliability such as the 
one by Mr. Tall are needed in the 
engineering field. 


R. H. Gauger 
Hazeltine Electronics Div. 
Little Neck, N_Y. 


Miniaturization 


Sir: 

I was greatly impressed by the 
article on miniaturization (Aug- 
Sept issue), and thought the treat- 
ment of the subject was excellent. I 
gather from talking with some of my 
associates that this article has at- 
tracted favorable interest among en- 


gineers and designers with whom we 
are in contact. 

H. D. Gilbert 

President 

Miniature Precision Bearings Inc. 


Keene, N.H. 
Technical motivation 


Your interest in “Motivating the 
Technical Mind” (Vol. 2, No. 2) 
prompts me to write concerning the 
problem of motivating the technical 
student. The number of talented 
students who do not finish their 
technical education is alarming. 

Perhaps even more important, a 
large share of students who do get 
their engineering degree have not 
achieved the level of technical ex- 
cellence they should have. 

Now I appreciate there are many 
factors that have something to do 
with this problem. However I have 
a deep conviction that motivation is 
one of the important variables in- 
volved. It also seems to me that mo- 
tivation is an issue receiving the 
least attention, at least in our col 
lege. 

We study curricula arrangements 
in great detail, select the student 
with care, counsel students exten- 
sively, urge instructors to perfect 
themselves technically, and so on, 
but the results of all this seem to be 
far less effective than one would 
expect. 

I suspect the major reason we 
neglect a serious and orderly study 
of motivation is that we just do not 
understand the basic principles in 
volved. Suggestions from readers 
would be appreciated. 

K. E. Smith 

Chairman 

Aeronautical Engr. Dept 
Univ. of Detroit 

Detroit 21, Mich. 


Planning research 
Sir: 

Planning research is a tough busi- 
ness all around. I have concluded 
that it is just as well not to plan at 
all, because the plans never work 
out anyway. In my company we 
have a semiannual ritual—a budget 
period—when we plan costs, person- 
nel requirements, and space needed. 
Then we proceed to allocate our re- 
sources to a number of worthwhile 
endeavors and also to pet projects 
of the company management that 
we don’t intend to work on anyway. 

But if you have to make plans, 
you make them, and the job seems 
easier if you get it done as fast as 
possible, which means recognizing 
how futile it is to attempt predic- 
tions and simply write down num- 
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bers that will get management off 
your back. After the ceremony is 
over, peace is restored for another 
six months, and we can go on with 
the work that should be done. 
(Name withheld by request) 


Instrumentation & control 


Sir: 

Your June-July issue on instru- 
mentation and control was most ex- 
cellent. This publication appeals to 
me particularly well. 

Charles F. Charters 

Control Systems Engineer 
Wyandotte Chemicals Corp. 
Wyandotte, Mich. 
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Penetrating rays 


I’ve finally caught up with the 
Feb-Mar issue and Ted Berland’s 
excellent article on ““The Industrial 
Uses of Penetrating Rays.” 

S. A. Wenk 

Manager, Accelerator Applications 
Radiation Div. 

Varian Associates 


Palo Alto, Calif. 
General feedback 
Sir: 


I have examined all the issues of 
Industrial Research with consider- 


able care and hasten to commend 
you on a very fine job—quite the 
finest of its kind I have ever seen. 

I presume you are bombarded 
with a considerable offering of con- 
tributed material of a “‘sales-promo- 
tion” type. I can appreciate the 
temptations to open the flood gates 
to this type of literature, but I will 
have done my part if I can encour- 
age you to resist these temptations. 

Frankly, your efforts on the high- 
er-level types of articles have been 
so good that I feel you can make 
yourselves a comfortable niche in 
this field. The sales type of article 
is dime a dozen and usually only 
provides fodder for the incinerator. 

The difference in impact and 


reader interest between your type of 
articles and the sales type is evident. 
It seems to me that you are creating 
in your field what Fortune is doing 
in its field and perhaps going them 
one better. 
John A. Hannum 
Washington, Mich. 


Sir: 

You are doing a fine job both in 
physical layout and in the contents 
of your articles. 

Howard K. Janis 

Manager 

Research & Engineering Info. 
IBM Corp. 


Sir: 

I find the articles in /ndustrial 
Research very interesting, timely, 
and closely allied to activities with- 
in my division. 

Charles A. Zelaites 

Director 

Engineering Design Div. 

U.S. Army Signal R&D Laboratory 
Sir: 

I enjoy your magazine very much 
and think it’s one of the finest pub- 
lished. 

Larry Smith 
Minneola, Kan. 
Sir: 

Thank you for the publication of 
my short note in your last issue. 
I have received several interesting 
comments from your readers and am 
enclosing one of them from L. E. 
O'Rourke, pilot plant branch head, 
Physical Sciences Laboratory, Mel- 
par Inc., and recommend that you 
publish it in your “Feedback” col- 
umn: 

“Dear Mr. Borgen: I have long 
felt as you do with regard to the 
commercial development of mili- 
tary-sponsored research. In my opin- 
ion the consumer public is entitled 
to derive maximum benefits from the 
byproducts of military research, both 
in terms of new and better products 
and in new employment opportuni- 
ties. Industry is entitled to develop, 
produce, and sell new materials and 
products based on tax-supported re- 
search. 

“However, I feel that thus far 
there has been very little commer- 
cial exploitation of the wealth of 
scientific and engineering informa- 
tion produced by government-sup- 
ported R&D. 

“There are two reasons. First the 
R&D engineer and his organization 
are not attuned to, or concerned 
with, commercial development. Sec- 
ond, entrepreneurs and _ business 
people become quickly lost in the 
maze of research information. They 
have difficulty in recognizing sale- 
able products in the reports of re- 
search work. 

“What appears most serious is 
that these two groups may not even 
be aware of the need for an exchange 
of communication. A constant flow 
of new intelligible information to the 
people in a position to exploit the 
products of the future is necessary.” 

Hal Borgen 
Lumen Inc. 
Sir: 

I enjoy your publication and read 
it regularly. It is a handy reference 
in my job as a research engineer at 
the NASA. 

George R. Smolak 
Lewis Research Center 
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COMPUTERS 1: 


applications in industrial research 


both analog and 


digital, have been pictured as falling 
into several competitive camps: mil- 
itary versus industrial, business ver- 
sus research, general-purpose versus 
special-purpose types 

# It is true that the most ad- 
vanced computers today are being 
designed for military requirements 
where dollars are not all important. 
For instance, compactness, ability 
to withstand temperature extremes, 
and high reliability are of more im- 
portance than cost in computers for 
missile guidance. On the other hand, 
manufacturers of computers feel 
that commercial users are more in- 
terested in how much computing 
they can get done per dollar in- 
vested. Thus competition, as such, 
does not exist between military and 
industrial computers; rather, tech- 
nical know-how gained in develop- 
ing each class has helped the other 

# Some have felt that the distinc 
tion between business-type and re- 
search computers is decreasing 
Business computers are fast on input 
and output of data, but slow on cal 
culations; research computers vice- 
versa. An increasing awareness now 
exists among computer manufac 
turers that many companies want 
computers for both data processing 
and scientific usage (for example, 
all scientific users have payrolls to 
compute However, as boih re 
search and business applications 
grow more sophisticated, both data 
processing computers and scientific 
computers are expanding and over 
lapping their markets 

® Little competition actually ex 
ists between general-purpose and 
special-purpose computers. Both are 
being built at increasing rates 

This article will show where gen 
eral-purpose computers in the small 
to-medium-size range are being 
used, and how major benefits can be 
derived. Computer installations for 
research fall into two categories of 
use. In some installations a com 
puter works in conjunction with 
other data-processing equipment. In 
others, a computer serves the engi 
neer as a problem-solving mathe 
matical tool continued, page 16 
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‘ ANALOG-TO-DIGITAL CONVERTER 
we hy Raytheon, measures le ss than 


a cubic foot performs 2 


above 


}-million 
About 


00 times faster than anything 


CONTETSIONS pe r See ond 
similar on market, it converts an 
analog, or continuously variable, signal 

into a number for processing 

by more-versatile digital computer 
of full scale 

is claimed. At right, research 

into automated teaching devices 


High accuracy—0.5% 


is being conducted at System 
Development Corp. Experimental 
system consists of a compute ? 

as the control and memory element 

a typewriter keyboard through which 
the student and « omputer communicate, 
and a random-access slide projector 
controlled by the machine that 

displays questions for the student 
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Data-processing applications 


Many examples exist of general- 
purpose digital computers acting as 
an essential part of a_ test-data 
gathering or processing system. For 
example, in textile-fiber research, 
measurements of thread tests are 
processed by a computer to yield 
such information as strength, dura- 
bility, resilience, elongation, etc 

Data from stress-analysis meas- 
urements of the thread—including 
tensile strength, extension, and stress 
on the fiber during stretching tests 
are recorded automatically on tape. 
The computer takes this information 
and calculates the yield and break- 
ing points of the thread. Tests are 
run on samples of 20 to 25 threads, 
then data from the samples are aver- 
aged statistically. The averages are 
more consistent and _ trustworthy, 
and test results are available almost 
immediately. 

Formerly it was necessary to read 
the information from a graph and 
then manually calculate the aver- 
ages. The computer eliminates tedi- 
ous computation and the necessity 
for relying on less-accurate graphi- 
cal presentations. If desired, the 
tape-recording step can be elimi- 
nated, or carried on simultaneously 
with the processing of test data. 


Submarine or whale? 


Cataloging underwater sounds is 
an interesting application of a gen- 
eral-purpose computer. Severe mask- 
ing of underwater sounds is caused 
by natural conditions of continual 
noise. Distortion of sound patterns 
can be created by such things as a 
passing school of fish, bubbles, 
waves, or the motor of a nearby 
boat. 

The goal is to detect and classify 
different objects in spite of similari- 
ties, and efforts to identify the source 
of a distortion have been only par- 
tially successful. The problem is so 
severe that whales have been mis- 
taken for submarines. 

Shipboard recordings are made by 
the sound division of the Naval Re- 
search Laboratory and then brought 
back to the lab for study. A computer 
is invaluable for processing data that 
must be analyzed in order to pin- 
point differences in sound. 

At General Electric’s lamp divi- 
sion a computer is tied into spe- 
cial equipment designed to measure 
properties of different light sources. 
The computer serves as an integral 
part of the data-measuring process, 
making computed results available 
immediately, when results are often 
of greater value. 


In installations where computers 
are part of a system, it has been 
found that as much as 80° of the 
computer time may be devoted to 
processing of test data. Remaining 
machine time in the typical installa- 
tion is used for one-shot problems, 
answering questions that may not 
come up again 


Problem-solving applications 


In contrast to those installations 
where a computer earns its keep as 
part of a testing or data-handling 
system are applications where the 
computer becomes a problem-solving 
tool for a technical staff. 

More than 15%, of all Bendix G-15 
installations, for instance, are found 
in the petroleum and chemical in- 
dustries. Petroleum industry compu- 
ter users have developed mathema- 
tical models to simulate an oil reser- 
voir. 

Numerical solutions to these mod- 
els are used in the study of pres- 
sure buildups and reservoir flow as 
an aid in determining the most effi- 
cient methods of recovering oil. Such 
simulation techniques can be very 
complex and may require hundreds 
of hours of computing time. This 
processing sometimes is done at 
night so that the computer can be 
used for other problems during the 
day 

Under certain conditions more oil 
can be recovered from a reservoir if 
the technique of water-flooding is 
used. To arrive at an injection well 
pattern that will result in the most 
economical recovery, data at as 
many as 300,000 locations may have 
to be analyzed. A change in pressure 
at one point affects the pressure at 
every other point. Physical condi- 
tions also must be considered such as 
porosity of the oil-bearing rock, per- 
meability, hydrostatic pressure, 
gravity, and capillary forces. 

Before computers became avail- 
able, the petroleum industry had to 
base improvements in recovering oil 
from a reservoir only upon past ex- 
perience—experience that frequently 
took years to acquire. Mathematical 
simulation methods make it possible 
to obtain the equivalent of years of 
experience in hours, in a controlled 
laboratory situation and without loss 
in production. 

Oil reservoir calculations demon- 
strate how computers have made 
practical the use of mathematical 
techniques which, though well 
known previously, could not be ap- 
plied effectively. The time required 
for hand calculation had proven pro- 
hibitive (as in the classic Richardson 
proposal, in which a mathematician 


sought to harness 60,000 human cal- 
culators for meteorological work 
see inset, page 18). 


Programing gasoline blends 


The petroleum industry also uses 
computers in gasoline-blending cal- 
culations. Linear-programing tech- 
niques are applied to find optimum 
blends. A number of variables affect 
optimum blending raw - material 
supplies, weather, and marketing de- 
mands. These contribute to continu- 
ally changing conditions which pro- 
duce interrelated effects upon the 
different variables. 

A program by Aurora Gasoline Co. 
permits analysis of as many as 37 
restrictions and 37 variables, ac- 
counting for compositions of blends 
and their specifications, and the cur- 
rent marketing value for each by- 
product. Aurora can adjust blends 
more accurately to realize market- 
ing needs, and can investigate the 
effects of blend changes without trial 
production runs. 

The same program could be ap- 
plied to diverse problems involving 
factory production and inventory 
control, regulating product mix for 
chicken or livestock feed, storage and 
distribution of goods, or allocating 
personnel. 


Learning from past records 


Multiple-regression techniques 
(for determining the degree of cor- 
relation of variables in a complex 
situation) are mechanized by com- 
puter programs in many research 
laboratories. At the B. F. Goodrich 
Chemical Co. Development Center, 
for instance, regression techniques 
analyze past production records of a 
complex process such as polymeriza- 
tion. 

It is possible to separate the effects 
of many variables, and since great 
quantities of data can be handled, 
conclusions are based upon the aver- 
ages of many runs, a_ procedure 
which increases statistical confi- 
dence. B. F. Goodrich engineers feel 
that the availability of this program 
makes data collecting really useful, 
and allows them to obtain the maxi- 
mum benefits from experience. 

The use of a computer to simulate 
a physical process is found widely, 
particularly in the chemical indus- 
try. Often a chemist can study an ex- 
perimental “batch” on the computer 
faster and cheaper than he can set 
it up in the laboratory. 

Sometimes, a computer program 
will be written to study an entire 
chemical processing plant. (See 
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Computer Applications in Chemical 
Processing, page 20.) The prepara- 
tion of such a complex problem for 
mathematical analysis may reveal 
basic weaknesses in the system or 
process. In this case, major benefits 
may come from the system review 
required to accomplish the computer 
programing, rather than from com- 
putations performed. 

A computer at the American Vis- 
cose R&D center was installed orig- 
inally to introduce new techniques to 
the staff. As the scientists gained 
familiarity, increasingly advanced 
applications were found, such as pre- 
dicting sales curves for a product, 
establishing statistical correlations 
of accidents that could lead to reduc- 
tion of accidents, and investigating 
the effects of additives on established 
chemical products. 

These computer methods not only 
save time in reducing existing data, 
but reveal more information than 
would come to light under ordinary 
laboratory or record-keeping condi- 
tions. 


Choosing polymer 
characteristics 


American Viscose chemists switch 
to computer usage when an experi- 
mental polymer begins to show 
promise. A mathematical model per- 
mits optimum selection of one or 
more polymer characteristics. A 
model may contain equations relat- 
ing.12 physical characteristics, such 
as tensile strength, color and elonga- 
tion, to 16 process variables, such as 
bath temperature, stretch, and size 
of die opening. A complete analysis 
can be made in two hours. 

Polymers that show particularly 
strong potential are given an even 
more exacting analysis by deriving 
a set of partial differential equations 
relating the variables involved, set- 
ting all the derivatives to zero, and 
solving simultaneously to find opti- 
mum values. 

The American Viscose staff has 
developed an infrared spectroscopic 
“spectrasearch” program for the 
identification of unknown com- 
pounds. Such spectrum identifica- 
tion once meant hand-searching rec- 
ords of as many as 10,000 known 
spectra. The search program makes 
use of magnetic tape units to store 
a file of known spectra. File informa- 
tion on spectra that exhibit a speci- 
fied number of points in common 
with the unknown is found by the 
computer and printed out by the 
console typewriter. 

Indexing systems have been set up 
for automatic filing and retrieval of 


many kinds of information. Such 
routines frequently produce a more 
complete, correct, and comprehen- 
sive file, because in adapting and in- 
dexing a file for computer operation, 
more critical and accurate indexing 
methods are developed. These meth- 
ods also are being applied to patent 
searches, engineering drawings, tech- 
nical report indexing, and similar 
jobs. 


A new management willingness 


Today there appears to be a will- 
ingness by management to provide 
a computer for the technical staff 
without requiring a detailed rational- 
ization about how it is used. Some 
management men feel that a scientist 
may be inhibited by having to justify 
time spent on the computer. 

It is difficult to pinpoint how much 
money a computer makes or saves in 
a research project. Its chief value in 
many cases lies in the fact that anal- 
yses are made which otherwise would 
be impossible; work is done that 
otherwise would lie undone; facts are 
revealed that otherwise would re- 
main unknown. Sometimes research 
is channeled into completely differ- 
ent directions as a result. A man with 
an idea often can follow it through 
on a computer without being delayed 
by tedious, time-consuming, and 
often inadequate mathematical anal- 
yses. 

Model testing, a time-honored but 
costly method in engineering, also 
can be computerized. At the John 
Deere Tractor Research & Engineer- 
ing Center, for instance, a computer 
has taken over some of the investiga- 
tion formerly done by physical mod- 
el testing. 

One problem of particular interest 
is predicting performance of a trac- 
tor. In order to design gear ratios 
most effectively, the potential per- 
formance of the tractor must be 
known. Initial data consists of soil 
composition, characteristics of the 
engine as observed in the laboratory, 
and characteristics of the tractor 
tire size, weight, wheel base, etc. This 
information now is typed into the 
computer and the performance is 
calculated. The engineer then can 
change design parameters until opti- 
mum design has been reached. 


Automated learning 


Unusual work is being done by 
System Development Corp. in inves- 
tigating automated teaching devices 
and learning processes. Here the 
mathematical ability of the compu- 
ter is ignored. Its capability for pro- 
viding an extensive memory, avail- 


able upon command, and its ability 
to make decisions based upon pre- 
viously analyzed situations, are the 
qualities employed. 

SDC scientists believe computers 
can become a “tutorial” extension of 
the instructor, supplying each stu- 
dent with individual instruction. 

Two programs are involved in the 
learning situation—the subject ma- 
terial and instructions the computer 
follows in teaching this material. The 
computer determines whether a stu- 
dent who has missed questions 
should be provided with the answer, 
or should be told to try again. The 
computer may provide a correct an- 
swer if the student misses, or express 
approval, or advise the student to 
proceed to another concept, or rec- 
ommend additional remedial work. 

In conventional teaching situa- 
tions, students progress at a rate 
which the teacher feels matches re- 
quirements of the class average. 
Bright or informed students are 
slowed down; the student who needs 
more help barely passes. The compu- 
ter system provides a direct relation- 
ship of each student to the material 
to be learned. The passive student 
must participate in the entire learn- 
ing process, and the fast student is 
jumped from concept to concept in 
keeping with his ability. 

In the SDC system, a computer 
controls a slide projector that dis- 
plays a question and multiple-choice 
answers. The student types in his 
answers. The computer responds and 
selects the next slide. 

At the conclusion of such a course, 
the computer evaluates the student’s 
answers and his opinion of how well 
he has learned the subject material. 
Then it decides whether review may 
be necessary or whether the student 
has “passed.” 


The common library 


Many diverse applications such as 
those discussed require similar pro- 
grams, and programs for computers 
are being developed almost daily. To 
avoid unnecessary duplication of ef- 
forts, computer manufacturers and 
users have set up common program 
libraries. 

These libraries are composed of 
programs contributed by a single 
user, a team of users, or by the manu- 
facturer’s in-house programing team. 
In general, the basic compilers, as- 
semblers, translators, and diagnostic 
routines are contributed by a manu- 
facturer’s staff. Specific problem- 
solving programs are more likely to 
originate with the users. 

A computer can be no better than 
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the programs that are put on it 
Users recognize this, and they know 
the usefulness of their installation is 
strengthened as new and better pro 
grams are added to the repertory 
lo this end, they have organized and 
have set up bylaws determining such 
things as qualifications for member 
ship, conditions under which pro 
grams are to be distributed, and the 
form in which programs should be 
submitted. They meet periodically 
it conferences attended by all mem 
bers, and in between times for spe 
cial-interest sessions 


It is not at all uncommon to see 
i group of representatives from high 
ly competitive companies seated 
iround a table working together to 
improve their operations. Such a 
meeting may be a cooperative effort 
to prepare a package of statistical 
programs, or a presentation by one 
user of a more efficient way to code 
information for magnetic tape 

Even where there are government 
security or industry proprietary con 
siderations, mathematical “links” 
that will become part of major pro 


grams can be shared, as can im 
proved techniques or innovations 

(Computer manufacturers support 
the users’ organization under terms 
which they specify. As an example 
of the effectiveness of these organiza 
tions, there are now approximately 
700 programs in the G-15 library 
Chey run the gamut of almost every 
thing imaginable that can be done 
with a computer, and a few things 
unimaginable 


Analog computers for research 


While it is true that an analog 
computer cannot take advantage of 
program libraries, it is uniquely im 
portant for research as a design tool 
An analog computer makes it pos 
sible to study in intimate detail the 
features and parameters of a physi 
cal system being synthesized. Con 
sider one major application of analog 
computers: evaluating the controls 
and aerodynamics of a missile. When 
such a prospective system is simu 


lated by means of an analog compu 
ter, it is extremely easy to vary the 
major parameters affecting perform 
ince, to see almost immediately what 
the effect is on the system 


An engineer using an analog com 
puter as a tool need not be diverted 
by delays or the need to analyze ap 
preciable quantities of data. With an 
inalog computer the process of trial 
ind error is an acceptable and ser 
sible design approach 


Analog computers also are design 
tools capable of being readily modi 
fied, even to the point of serving as 
part of a physical system. For e) 


A UNIQUE COMPUTER APPLICATION 


GIVEN: 
> 5,00 t es of gas surrounding the northern hemisphere 
Tr present t perature, pressure, moisture content, velocity, and di 
t f gas movement measured at 3,000 points 
Tr values of these variables yesterday 
FIND: 
The ture, pres re, velocity, and direction of the gas movement 
4 Ww 
METHOD: 
esswork ind determine the conditior yf the gas 
sthematic equations to the conditions reported from 
tatior ke 300-million computations, and modify 
tt ts with data from adjacent stations 
f ti j prophesy. The second is numerical weather pre 
t ethod has beer se for more than a century. It works 
t t tin but requires hours of computation and is subject to 
ter tatic Numerical weather prediction, in contrast, can 
t wit! f m of human intervention, and can pro 
f other related phenomena forecasts which before were 
t y ctica 
it tarted 1922 when an Englishman named L. R. Richardson 
t co / the idea of predicting weather numerically Richardson was 
t t thematic n but a mpractical dreamer. He had data fron 
veathe tatio and developed the equations to make forecasts 
Wt he found it took three months with the aid of a desk calculator 
to produce tl first 24-hour forecast (it was wrong), he came up with a 
ym puter 60,000 people stacked in a stadium. Since the data 
ould be processed serially, one calculator would perform his operation 
tr pass ti inswer onto the next person for the next computation 
Pagebovs would transfer information from section to section 
F lly, a conductor would stand on a podium before this crowd and 
lirect operati When his baton went up it would mean to calculate 
wher t came dow the computer was to pass the results amon; itself 
tt tad vever was built 
Richardson had based his try on six non-linear partial differential 
t known to meteorologists as the Primitive Equations. As Richard 
i, these equations cannot be applied to practical problems in 
their tive’’ form, but in 1939, C. G. Rossby in a classical simplifica 
tion reduced ti f tions to a single one 


Then, in 1950, a group of mathematicians and meteorologists working 
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weather satellite, 
now orbiting, carries 

two TV cloud scanning 
cameras. Model shown is 


by Allied Research Assoc 


at the Institute for Advanced Study at Princeton completed the last mathe 
matical step which made it possible to apply Rossby’s equation to the 
atmosphere 

The method of numerical weather forecasting that evolved is simple 
Weather is associated with air movement and variations in atmospheric 
pressure over a given area. If you know what these variables were yester 
day and what they are today, the application of the equations will tell you 
what they will be tomorrow Precipitation and temperatures are the result 
of pressure conditions. If the computer can produce tomorrow's pressure 
conditions, then it is possible for a meteorologist to deduce the tempera 
ture and precipitation that will result 

The Navy Numerical Weather Problems Group (NANWEP), which will 
be established in Monterey, Calif. next month as a separate activity to pro 
vide forecasts to the fleet, has replaced Richardson's mass of humanity 
with a small digital computer and four tape transports. Weather reports 
reach NANWEP on six 100-word-per-minute teletype circuits 

There are 10,000 weather observation stations which could report, but 
delays in communications (and sometimes bad weather) prevent all the 
stations from reporting for each forecast. A good average is about 3,000 

Once the data have been processed, the second step is to make a map 
of existing weather. A grid of lines spaced 205 nautical miles apart is 
placed over the northern hemisphere. Each grid position is assigned an 
address. The weather reports from stations surrounding each position are 
ised to interpolate a pressure value 

if there are not enough data from the area in the immediate vicinity 
of the position, then the computer scans outward from the point in ever 
increasing circles until enough data are found. When al! data have been 
analyzed, the computer can produce a pressure-pattern chart for existing 
weather in the northern hemisphere 

At this point the computer does not make an actual weather forecast 
but predicts pressure changes at each grid position as a function of time 


The application of mathematics like the Rossby equation produces the 


values that will exist in one hour. These values are used by the computer 


to predict what will happen at the end of two hours — and so on — until 
the desired forecast has been reached, usually 24 or 28 hours ahead 

NANWEP scientists feel that it will be a long time before we obtain 
enough measurements of existing weather to make absolute predictions of 
iny future weather. Satellites will help; data from the TV satellite TIROS 
and other sources will provide a ‘third dimension” from which to view the 
overall weather situation. Although work is being done to enable TIROS to 
neasure temperatures through infrared techniques, however, satellites can 
never provide enough medium- and low-altitude data 

The best we can do now is to refine the equations and programs 
with which numerical weather prediction is accomplished until we have 
exhausted the potential of available data. This, combined with a careful 
analysis of what went wrong with bad predictions, will produce better fore 
casts than are possible today 

Yet there still will be the element of chance, and 10 years from now 


the papers still may print with a possibility of rain in the afternoon 


Re 


ample, during simulation of a phy- 
sical system, portions of a computer 
can be replaced with actual com- 
ponents of the proposed systems, a 
process which contributes greatly to 
eliminating much of the unavoidable 
uncertainty concerning final per- 
formance of a complex system. 

Major applications of analog com- 
puters for simulation occur when the 
physical system can be described by 
means of a differential equation. In 
addition to missile studies, naturals 
for analog studies are problems in 
vibration, transients in electric cir- 
cuits, heat transfer, chemical reac- 
tions, and process control systems. 

For example, one company has 
carried out extensive studies of vehi- 
cular suspension designs, investiga- 
ting effects of mass distribution and 
location of reinforcing members on 
natural frequencies and overall sta- 
bility. 

Another company has carried on 
studies of oil-refining processes, in 
an effort to optimize performance. 
Heat-transfer studies exemplify 
problems involved in solving for 
values in a space continuum in two 
or three dimensions. In brief, an ad- 
vantage of analog computers results 
from the ability to change a system 
without reprograming the computer. 

On the other hand, when a design 
study requires the orderly repetition 
of many computations, analog com- 
puters usually are unsuitable to com- 
pute performance for all combina- 
tions of many different variables. 


Analog-digital combinations 


The combined use of analog and 
digital computers is found in some 
military installations and in chem- 
ical processing. Due to the high cost 
of equipment involved, it rarely is 
found in industrial laboratories. 
However, the problem-solving quali- 
ties of combined systems are becom- 
ing more widely practical. 

The simulation laboratory at the 
Pacific Missile Range, Pt. Mugu, 
Calif., employes a combined analog- 
digital system hooked up to the fly- 
ing controls of an aircraft. The sys- 
tem is used to check out displays by 
which a pilot aligns and fires on a 
target. Analog equipment simulates 
the plane’s performance while digital 
equipment calculates his accuracy. 
The digital machine also provides 
radar input signals to the cockpit. 

Whether analog or digital compu- 
ters or combinations of the two are 
chosen for a particular application, 
they should not be thought of as 
mere work-savers, but as advanced 
tools to perform research and other 
tasks that often would be otherwise 
impractical, . 
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COMPUTERS 2: 


COMPUTERS to provide 


complete automation of a chemical- 
processing operation is one of the 
most interesting concepts ever con- 
sidered. Although computers and 
computer techniques have been used 
in many chemical and chemical en- 
gineering applications, adaptation to 
the complete control of a process or 
plant operation only recently has 
gone beyond the experimental stage. 

The steps that must be taken to 
make various chemical processes au- 
tomatic are well known. Chemists 
and chemical engineers have used 
computers successfully for many 
more or less limited tasks. The real 
problem is combining scattered 
pieces of know-how into integrated 
systems that can perform efficiently 
enough to be economically advan- 
tageous. 

When automated chemical plants 
are achieved, the computer will be 
the “brain” to direct and watch over 
the processes, under human guid 
ance. How such computers can be 
used and the areas in which they 
are likely to be useful will be con- 
sidered in this article 


Digital or analog? 


Of the two basic types of compu- 
ters, digital and analog, each is 
most efficiently adaptable to certain 
types of problems. 

A digital computer operates much 
like a desk calculator, but of course 
is much more advanced. Like the 
calculator, it performs repetitive 
tasks that can be reduced to a rou 
tine with great speed and precision 
These calculations may be extreme 
ly complex and lengthy, but are al- 
ways combinations of the basic 
arithmetical operations of addition, 
subtraction, multiplication, and di- 
vision. The computer follows in- 
structions exactly, is unlikely to mis- 
reod numbers, and can operate at 
high speeds. 

A digital computer’s capabilities 
for solving any particular problem 
depend on the training, imagination, 
and ingenuity of the operator who 
instructs, or programs, it. Thus, pro- 
gramers must be certain that a com- 
plete and detailed solution of the 


applications in chemical processing 
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COMPUTER-CONTROLLED pilot plant (above), 
the world’s first fully automatic unit, 
‘ measures, records, and controls te mperatures, 
4 pressures, and stream compositions 
j Developed by Consolidated Systems Corp. 
Pas and Esso Research & Engineering Co., 
“4 the miniaturized unit is installed 
at E-sso’s Bayway refinery, Linden, N.]J. 
dhe The computer can make five 
a control decisions per second. 


At right, punched cards containing 

production information are fed 

into a computer at the entry end 

of an annealing line at the Aliquippa, 
is Pa. works of Jones & Laughlin Steel 
Sol Corp. A corresponding identification 
tag then is sent to the line’s 
discharge end, where additional data 
on the actual annealing process 

are typed on it by the computer. 


Pa fn’ 


weet [ 
i vad 


INDUSTRIAL RESEARCH 


DEC-JAN, 1960-61 21 


| Me 
| 


problem is possible by 
methods 
An analog computer, on the other 
hand, uses electrical voltages to rep 
resent numerical values. Contin- 
uously variable values of functions 
are possible—in contrast to the nu 
merical sequence inherent in digital 
computers. “Simulation” best de- 
scribes the operation of an analog 
computer; physical systems are sim- 
ulated by electronic circuitry 
The most important function that 
can be performed by an analog com 
puter is integration. This is coupled 
with the capability for addition, sut 
traction, multiplication, and divi- 
sion of voltages that simulate num 
bers. Thus, differential equations 
can be simulated and solved without 
the tedious and_ time-consuming 
mathematical manipulation and nu 
merical approximation necessary on 
digital computers 
Nevertheless, analog computers 
have several limitations. In the past, 
their operating speed has been lim 
ited by the electromechanical multi 
pliers used for obtaining the product 
of two variables. That is, a variable 
changing too rapidly no longer 
would be represented by the mech 
anical motion of the servo. Electron 
ic multipliers now are available 
which greatly extend the range of 
speed and frequencies over which 
an analog computer will operate 
Despite this advance, speed still is 
limited by the electromechanical 
output recorders 
Set-up time for an analog compu 
ter may be shorter than for a digital 
computer, but a library of previous- 
ly worked out digital programs often 
may eliminate many hours of labor. 
See page 17.) Experience will in- 
crease the ability of an analog com- 
puter operator, but nothing compar 
able to a program library can be 
developed 
The usefulness of computers in 
the chemical process industries has 
been proved for activities ranging 
from basic research to plant trouble- 
shooting. Computers have been ap- 
plied to basic research in the obvious 
areas of data analysis and correla- 
tion. Relationships too complicated 
in many cases even to be attempted 
by hand can be developed by ma 
chine. Standard programs to expe 


numerical 


es will use more computers for eliminating 


COSTS, MAXIMIZING profits, and controlling 


dite the use of “least squares” anal- 
ysis and empirical techniques in 
performing correlations have been 
made available for digital compu- 
ters. Analog computers, on the other 
hand, seem to be more useful for 
determining actual behavior. 

In studying rates of a chemical 
reaction, for example, the basic data 
must be correlated. For some pur- 
poses it is sufficient if an empirical 
relation describing the variation in 
reaction rate with the variables such 
as temperature, pressure, concentra- 
tion, etc. is available. This type of 
relation can be obtained convenient- 
ly on a digital computer. 


Simulating reaction mechanisms 


However, for many design and 
operational needs, knowledge of the 
mechanism of the reaction may be 
required. An analog computer can 
represent the overall mechanism 
easily by simultaneously simulating 
the various steps in a reaction. Ad- 
justment of each step will result ul- 
timately in an acceptable explana- 
tion of the mechanism; it can be 
tested further and refined as more 
experiments are performed. The 
mechanism also might be deter- 
mined with a digital computer by 
trial-and-error elimination. To ac- 
complish this, every conceivable 
mechanism would be formulated and 
tested against available data. Ac- 
ceptable mechanisms would be 
tested further until the actual mech- 
anisms were determined. 

Product development and im- 
provement in the past required large 
doses of the ““Edisonian” approach. 
Today computers simplify the task. 

Consider the problem of im- 
proving the physical properties of a 
plastic. Normally, correlation §re- 
quires many experiments to indicate 
which composition changes should 
be made. Essentially every possible 
or likely variation must be tried be- 
fore the maximum improvement can 
be found. 

However, experimental programs 
also can be run on computers. When 
programs are properly designed, the 
exploration of a limited number of 
definitive conditions may be all 
that’s required to indicate the desir- 
able compositions and their proper- 


ties. It then becomes a simple matter 
to check the predictions by a short 
experimental program. Resulting 
improvements can be utilized di- 
rectly to achieve a better product 
line, or they may be used again to 
refine still further the prediction of 
the improved composition. 


Years condensed into months 


The greater the number of possi- 
ble variables, the greater, usually, is 
the value of using a computer to 
predict characteristics of potential 
products. Experience in many differ 
ent areas of research has shown this 
Several years of research effort can 
be condensed into a few months by 
using computers. And the savings in 
dollars are almost as great as the 
savings in time. Market gains are 
not so easy to estimate dollar-wise, 
but the advantages of being early on 
the market with an improved or new 
product are rather obvious. 

Computers are particularly useful 
for pilot-plant studies, by making 
results and conclusions from an ex 
perimental run available almost as 
soon as the run is ended. Such effi 
ciency of operation is not attainable 
in any other way. Moreover, studies 
can be carried out with greater ease 
by fewer operating personnel. 

One example involved a computer 
program for analyzing results from 
a petroleum processing pilot plant. 
The computer was designed to ex 
ercise discretion in handling raw 
data; that is, it was to reject bad 
data points on statistical grounds 
and compensate for occasional 
missed readings, as well as produce 
the desired summary of information 
regarding the run. The pilot plant 
was a catalyst-testing unit with vari- 
ous process uses. Two important re 
sults derived from a run were data 
on the catalyst activity and the de 
cline of activity with catalyst on 
stream time. 

Editing data as part of a manual 
calculation is no particular problem. 
However, scrutinizing tables for 
omissions and obvious errors, as is 
usually done, may be more time con 
suming than the machine computa 
tion. It is desirable to make the 
editing of routine processing of plant 
information part of the computing 
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pilot plants, designing 


automatic plants. 


program so that test data may be 
read directly into the computer. 


Eliminating the pilot-plant 


Several large chemical companies 
recently have suggested the possibil- 
ity of eliminating the pilot-plant 
stage in process development by 
simulating part or all the equip- 
ment, on any scale, by means of 
computers. This thesis has not been 
verified by any significant number 
of successful examples. Yet, it is 
a logical consequence of computer 
applications already being per- 
formed successfully. 

Process simulation might follow 
these steps: experimenting in the 
laboratory; analyzing the resulting 
information to explain basic mech 
anisms of the chemical process; if 
proved on the laboratory scale, sim- 
ulation on any scale desired. To 
operate a pilot plant then would re 
quire only selection of the proper 
scale of operation and of operating 
conditions to be tested 

The advantages would be con- 
siderable. By simulation alone, a 
poorly operating piece of equipment 
could be replaced by another more 
desirable one. Moreover, a_ large 
number of alternative designs could 
be compared quickly, easily, and 
inexpensively 

The big question—-the degree of 
assurance that can be placed on re- 
sults obtained from a computer-sim 
ulated pilot plant—has not yet been 
answered satisfactorily. Getting the 
answer probably will cause some de- 
lay in eliminating many pilot-plant 
activities. More research will be 
needed to simulate even some of the 
simpler processes. 

Once a chemical process is con- 
ceived, its proper control becomes 
important. Normally, some elements 
of the control system for a process 
are developed during pilot-plant op- 
eration, but most instrumentation is 
specified by design engineers experi- 
enced in similar processes. Then, 
during plant start-up and initial op- 
erations, control points are set, mon- 
itoring points are adjusted, and 
many other necessary modifications 
are made in the instrumentation. 
Today, serious difficulties in plant 
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GiCT—Cabinet Model 


The KINNEY GICT Ionization- 
Thermocouple Gage covers the 
range from 3000 microns to below 
107 mm Hg...a two meter instru- 
ment providing simultaneous 
Ionization Gage and Thermocouple 
Gage readings. Available in port- 
able cabinet and panel mounted 
models. The standard unit is sup- 
plied with one position Compen- 
sated Thermocouple Gage and it 
can be supplied in modified form 
with 2, 3, 4, 5 or 6 position Gage at 
extra cost. 


Designed with the more critical 
applications in mind, the KINNEY 
GICT brings an important advance 
in high vacuum instrumentation for 
use wherever an accurate and 
highly dependable instrument is 
required. 

Get the full story on such features 
as: Compensated Thermocouple 
Gage Tubes, Automatic cut-off relay 
to protect Ion Tubes from burn- 
out, Outgas circuit for elimination 
of false pressure readings, and 
many others. 
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start-up frequently are due to im- 
proper or inadequate process con- 
trols 

The computer provides the means 
for building an electronic model of 
the chemical process to be con- 
trolled. Models of several alterna- 
tive control systems also can be 
simulated with the computer. 

Since the computer model can be 
operated faster than real time, the 
control system to be used and the 
optimum value of control settings 
can be chosen quickly—much quick- 
er than performing the same func- 
tions during actual plant start-up. 

Use of computers enables this 
study to be finished before construc- 
tion of the plant, so that modifica- 
tions in plant design to facilitate 
instrumentation and control can be 
made economically. In addition, the 
computer model of the chemical 
process, operating in real time, can 
be controlled by actual equipment 
specified for the plant. Design of the 
control system can be proved and 
operating personnel trained at the 
same time. This leaves only final 
minor adjustments to be made in 
the control systems during actual 
plant start-up. 

Repetitious calculations required 
for the design or sizing of many 
chemical-process equip- 
ment are completely adaptable to 
computer calculation, particularly 
digital types. Many companies have 
available or are developing digital 
programs for performing calcula- 
tions required to design distillation 
columns, heat exchangers, and se- 
veral other types of equipment. The 
economics of this type of computer 
use have proved favorable, and such 
use is expected to expand. 

As a logical following step, a 
number of designers have proposed 
that the cost of chemical-process 
equipment and plants should be es- 
timated by computers. However, no 
comprehensive or large-scale appli- 
cation of such methods is yet in pro- 
gress. The primary reason is the 
complexity of the problem and re- 
sulting high initial cost of program- 
ing a digital computer. 

An additional reason appears to 
be the proprietary and competitive 
nature of cost figures, precluding a 
cooperative effort by several engi- 
neering, design, and construction 
organizations 


pieces of 


Automatic plants 


The ultimate application of com- 
puters in the chemical-processing in- 
dustry will be for automatic plant 
control—a logical extension of simu 
lation and control studies. In es- 
sence, automatic plant control de- 


pends either upon the availability 
of an accurate plant simulation with 
which to compare the actual opera- 
tion, or upon the detailed and in- 
timate knowledge of the interrela- 
tionships of many variables. 

In either case, proper operation of 
the plant will depend upon the speed 
and accuracy with which a computer 
can determine a present operating 
situation, predict a future operating 
situation, and make necessary 
changes in the control system to 
assure satisfactory operation. 

Both digital and analog compu- 
ters will be found useful in achiev- 
ing automatic control. In many 
cases it may be necessary to utilize 
both types simultaneously to 
achieve the required results efficient- 
ly. 

Announcement has been made re- 
cently of several pioneering, largely 
experimental, installations of com- 
puters for controlling chemical pro- 
cesses. Among the processes have 
been: catalytic reforming, dehydro- 
genation, distillation, and the pro 
duction of vinyl chloride monomers 
Computers were devised or modified 
especially for controlling the various 
processes. 

One of the serious problems de- 
laying automatic process control is 
the need for instrumentation to pro- 
vide accurate information on process 
variables. Meters for measuring tem 
peratures and pressures are ade 
quate, but we have no simple and 
effective device for determining the 
chemical composition of process 
streams. 


A hypothetical process 


An example of a_ hypothetical 
chemical and the control 
and computer systems required for 
its operation is shown in the dia- 
gram at right. Signals represent- 
ing conditions (temperature, pres- 
sure, composition, etc.) in various 
parts of the process are metered by 
instruments and reported to the 
computer. 

The conditions are utilized to 
compute required changes in the 
operating variables. When the re- 
quired changes are known, command 
links are activated and operating 
conditions changed by means of pro- 
cess controllers, achieving the ob- 
jectives without human interference. 

In the simplified diagram, the 
term “desired optimum operation” 
was used to indicate an operational 
condition that would be best for 
some reason. The best condition al- 
most always is defined as a certain 
economic condition—almost always 
the requirement for maximum profit. 

Fortunately, computers can han- 


process 


dle the maximum profit requirement 
in complex forms. They can be in- 
structed to predict consumer de- 
mand for co-products as related to 
the time of the year, for example. 
Or, they can predict the best blend 
of raw materials as determined by 
their prices; the yield obtainable 
from each can be factored to yield 
maximum profit. If the computer is 
given instructions and information 
upon which to act, it is capable not 
only of controlling the process, but 
of determining optimum economic 
operating conditions. 
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waste stream 


CHEMICAL PROCESS with hypothetical 
control and computer system 

receives signals on variable conditions 
computes changes needed in operations, 
and automatically orders desired reforms 
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Computers and miracles 


Computers cannot accomplish 
miracles. In the development of 
logic systems, a computer capable 
of original thought has not been in- 
vented. Consequently, men still 
must instruct the machine what to 
do, examine the results obtained, 
and draw the conclusions. 

What are the requirements for a 
staff that will utilize a computer’s 
capabilities most fully? 

A suitable staff can be developed 
by training interested and qualified 
personnel, or by hiring experienced 
people. To be effective, a staff must 
be able to think in terms of the 
computer, its capabilities, and lim- 
itations. 

For example, it has proved diffi- 
cult to have mathematicians ana- 
lyze problems which require the un- 
derstanding of an engineer. It is 
equally unrewarding to have an en- 
gineer prepare problems for a com- 
puter without an understanding of 
its idiosyncrasies. A cooperative ef- 
fort is required, and an appreciation 
of the varied disciplines, for opti- 
mum utilization of this complex tool 
must be established. Engineers less 
influenced by tradition and better 
prepared in mathematics often are 
more adaptable to this required 
combination of disciplines. 

Traditions of engineering and 
technology are hard to overcome. 
An organization’s philosophy must 
be one of continual encouragement 
if optimum utilization is to be ac- 
complished. To make the computer 
an effective tool, the overwhelming 
advantages of its use must be dem- 
onstrated at every opportunity. 

Many problems associated with 
the use of computers in the chemical 
industry remain to be solved. But a 
beginning has been made, and we 
can expect that more and more pro- 
cesses will be placed under computer 
control. Yet, process control is only 
one aspect of the usefulness of this 
instrument. Computers can aid in 
basic research, product develop- 
ment, pilot-plant operations, pro- 
cess studies, equipment design, and 
cost estimations. 

With growth of knowledge, eco- 
nomic advantages of computers are 
becoming clear. It appears now that 
savings in labor costs will be unim- 
portant. The real gains will arise 
from highly efficient operations 
maximum productivity from plant 
investment with minimum operating 
costs. More experience is needed, 
however, before the true worth of 
computers can be evaluated. Data 
from the pioneer efforts now under 
way will play a significant role in 
guiding future developments. “ 
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Functional as it is, a 10-inch slide rule just wasn’t 
meant for stuffing in the pocket of a business suit. 
Just as the 10-inch is best for desk-duty, the 5-inch 
JET-LOG Jr. is ideal for the man on the go. Has 
the same famed Decitrig Scale System as its 
the DECITRIG® and JET-LOG Slide 
Rules. Made of durable IVORITE® with top grain 
leather case, clip, and 
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POSITIONS OPEN FOR INQUIRING MINDS 
IN MANUFACTURING RESEARCH ENGINEERING! 


Bendix of Kansas City, Missouri 
needs three Manufacturing Research 
Engineers to do original work with 
new materials, and close, more ex- 
acting work with ordinary materials 
—Minds that will inquire into the 
many branches of technology and 
bring together that combination of 
techniques capable of producing a 
unique product. As a Prime Contrac- 
tor for the Atomic Energy Commis- 
sion, our function is to give the 
Weapon Designer the greatest pos- 
sible latitude in exploiting new ma- 
terials and techniques. We do this by 
paralleling his design work with ad- 
vanced development of manufactur- 
ing processes during the design 
phase. The control of processes must 
frequently be so precise that auto- 
mation is required for that reason 
alone—production quantity notwith- 
standing. 


Engineers who can fill these positions 
must combine original thought with 
solid training in the basic physical 
sciences. They must be able to com- 
bine the reasoning of several disci- 


For Personal Interview send resume to Mr. T. H. Tillman 


BOX 303-QT, THE BENDIX CORPORATION 
95TH AND TROOST 
KANSAS CITY 41, MISSOURI 


plines in the development of a solu- 
tion. Minimum requirements include: 


“Engineering Bachelor’s Degree in 
Mechanics, Metallurgy or Chemis- 
try. 

*Strength in one or more of the fol- 
lowing fields: subminiature trans- 
former and toroid production, plas- 
tic and rubber formulation and fab- 
rication, chemical processes and 
metal finishes, and fabrication and 
assembly of precise and delicate 
electrical and electronic assemblies 
requiring special environmental fa- 
cilities. 


These are responsible positions for 
engineers who are qualified to do 
original and creative work, and who 
can demonstrate by a record of past 
professional accomplishment that 
they possess this ability. Ours is one 
of the nation’s most vital industries. 
We offer unusually generous com- 
pany benefits, in a community which 
is famous for its beauty and low cost- 
of-living. All replies will be strictly 
confidential. 
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OUT OF THE LABORATORY 


Bringing space down to earth ... this laboratory space 
capsule is designed to measure man’s physiological and psychological limits and test life support 
systems under simulated space flight conditions. For the first time, scientists will be able to 
study, simultaneously, the space flight stresses of high altitude, acceleration, heat and isolation. 
Developed and being built by Garrett’s AiResearch divisions for the U.S. Air Force’s 
Wright Air Development Division, this ground test space capsule is another example of Garrett’s 


research and development leadership in the life sciences and advanced flight systems. 
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your company letterhead and we'll 
whisk it off to you 
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Organic Chemicals Division 
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G.E.’s Advanced Electronics Center, ithaca, N. Y. Y. 


Industrial Kesearech...is big 
business in New York State 
---and growing 


In the years immediately ahead, New York State’s more than 1,000 research facilities not only will 
grow in number, but will step up their rate of growth . . . in atomic energy, electronics, chemistry, 
automation, missilry and space exploration, communications, product development, and education. 
The multi-million-dollar research centers shown above are but five examples of the vigorous growth 
now going on in the state. g To further implement the growth of research in New York State, Governor 
Nelson Rockefeller recently created the State Advisory Council for the Advancement of Research and 
Development . . . (1) to provide a working forum for the exchange of ideas between laboratories and 
industry; (2) to attract out-of-state research organizations; (3) to recommend steps the state can take 
to expand its already substantial contributions to industrial progress. m Outline your specific require- 
ments and write for detailed information to Keith S. McHugh, Commissioner, Dept. of Commerce, 
Room 851, 112 State St., Albany, 
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NEW SOLID-STATE DIGITAL VOLTMETER AT WORK! 


As reliable as they are quiet, the EAI Series 5000 Tran- 
sistorized Digital Voltmeters combine a unique “Full- 
Time” high input impedance circuit with outstandingly 
accurate, high speed performance. 


EAI Series 5000 features include — 
©) Full-time input impedance to 1000 megohms 
C- Relative accuracy 0.01% full scale 
©) 200 readings per second average 
Input noise filter 
Fully transistorized 
} Outstanding long term stability 
C) Quiet, reliable, trouble-free operation 


Versatile as well as economical, these voltmeters provide 


decimal and binary-coded decimal electrical outputs for 
driving a full range of accessory equipment. Brilliant, 
easy-to-read projection displays eliminate “glow-through” 
ambiguity while providing wide angle reading — even 
under adverse ambient lighting conditions. 


Write for complete details on the new Electronic Asso- 
ciates, Inc. Series 5000 Voltmeters, or call your nearest 
EAL Engineering Representative. 


ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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rely on the dynamic analysis 
capabilities of Allied Research. 


Considerable accomplishments in vibration research 
and engineering assure reliable prediction of the shock 
and behavior of complex systems and sub-assemblies 
— before model construction is undertaken. Dynamic 
analysis pinpoints potential problems in the design 
stage. Necessary design modifications can then be 
made before the prototype is built — at substantial 
savings in time and money. 


At Allied Research, dynamic analysis considers 
every facet of the system or assembly to be produced 
This includes an examination of structural character 
istics, studies covering the nature of vibration inputs, 
determination of resonant frequencies under every 


operation, and prediction of vibratory stresses and the 
system's susceptibility to fatigue from repeated ac- 
celerations. Analytic techniques and evaluations of 
dynamic models enable Allied Research engineers and 
designers to effect prompt detection and correction 
of trouble spots. 


Investigate Allied Research's broad capabilities in 
vibration research and development — analysis, de- 
sign, testing and equipment manufacturing. Write today 
for advice and assistance on specific problem areas. 


Allied Research offers immediate key career opportunities 
in 10 technological fields to scientists and engineers. For 
full information, forward your resume in complete confi- 
dence. A booklet describing Allied Research facilities and 
capabilities is also available on request. 


ALLIED ASSOCIATES, INC. 


MASSACHUSETTS + GARRISON 7-2434 
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by Dr. S. H. Wittwer and Dr. M. J. Bukovac, department of horticulture, Michigan State University 


the stunted growth of 
GIBBERELLIN 


rr. CHEMICAL AGE in agriculture 


is just beginning, and with it the 
use of what some have double- 
termed a “growth” chemical a 
jack-and-the-beanstalk plant regu- 
lator that itself is expected to grow 
and grow until it provides the chem- 
ical industry with a_ billion-dollar 
annual market. The plant regulator 
actually is a group of chemicals, 
known generically as the gibberel- 
lins, and is produced now after five 
years of intensive research only in 
very small quantities. 

That these chemicals can stimu- 
late growth in almost any plant is 
now beyond a doubt. But whether 
gibberellin ever will be used and 
produced in large quantities within 
the next decades is extremely ques 
tionable. 


Diseased rice grew tall 


The story of gibberellin began in 
the Orient about 35 years ago when 
a Formosan scientist, E. Kurosawa 
made an important discovery. He 
observed a peculiar fungus (gib 


berella fujikuroi) disease on rice. 
The infected plants (see photograph 
below) grew taller than their neigh- 
bors and then died. 

Kurosawa found that when ster- 
ile, cell-free filtrates of the fungus 
were sprayed on rice seedlings, they 
produced the same over-growth as 
that caused by the disease. Attempts 
were made to isolate the active 
principle. 

It was not until 1938, however, 
that T. Yabuta and Y. Sumiki, after 
years of effort at the University of 
Tokyo, successfully isolated the ac- 
tive principle in a crystalline state. 
Important as this discovery was, it 
aroused little attention. Neither the 
Japanese nor the rest of the world 
then realized the vast potentialities 
that gibberellin would have for mod- 
ifying the behavior of large segments 
of the plant kingdom. 

After 1950 scientists outside of 
Japan began paying attention to gib- 
berellin. Chemists at Imperial 
Chemical Industries in Britain and 
the U.S. Department of Agriculture 


repeated certain phases of the Jap- 
anese work and almost simultane- 
ously isolated gibberellic acid (gib- 
berellin A.). Even then it was not 
until 1955 that a few isolated groups 
of plant scientists in the western 
world began to study gibberellins 
seriously. 


The nine gibberellins 


So far, nine active compounds 
gibberellin A,, Ao, Ay, Ay, As, Ag, 
A., Ax, and A,—have been sepa- 
rated and chemically identified in 
plant materials. Gibberellins A., A., 
A,, A;, and A, all have been isolated 
from the soil-borne disease produc- 
ing fungus on rice. Gibberellins A., 
A,,, and A, have been separated from 
immature seeds of the scarlet run- 
ner bean. Gibberellin A, has been 
isolated from the fungus, the scarlet 
runner bean, and water sprouts of 
citrus. 

Limited commercial production 
of gibberellin in the U.S. has been 
a reality from the time it was first 
introduced and distributed for use 


DISCOVERY OF GIBBERELLIN followed observation that rice plants infected with “foolish seedling” disease 


grow taller, then die. Tall fungus-attacked plants were photographed by Dr. Y. Sumiki 


University of Tokyo co-discoverer of active principle causing the unusual growth 
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FERMENTING TANK for production 
of rellic acid 

at Abbott Labs (left and above 

is basically same equipment ~ 


as is used in manufacture 
of antibiotics. Interchangeability SPRAY TREATMENT of Thompson Seedless grapes 
will permit almost unlimited 
produc tion of gibberellin 

to meet future demands if use 


increased berry size in University of California test 
photographed by Dr. R. J. Weaver Grapes received 
5 ppm gibberellin spray (lower left) and 50 ppm 
becomes widespread lower right). Grapes at top were unsprayed 


Gibberellin can stimulate almost every plant, 


on flowers in 1957. Fermentation 
equipment used in the production 
of antibiotics can be adapted easily 
for gibberellin hence interest in 
the chemical among antibiotic man 
ufacturers 

Potential production virtually is 
unlimited. Still it is probably the 
most costly chemical ever manu 
factured for agriculture. The mole 
cule is very complex, and chemical 
synthesis appears a long way off 

Four companies in this country 
Abbott Laboratories, Charles Pfizer, 
Eli Lilly, and Merck & Co. are 
licensees of the English ICI, which 
owns the basic ““composition-of-mat 
ter” patents, and active programs 
for developing commercial uses have 
been conducted by each. From an 
original cost of $40 a gram, the 
chemical now wholesales for about 
5°; of the original price. With in- 
creasing demands further price re- 
ductions can be expected. 


Jack and the beanstalk 


Many unusual effects of gibberel- 
lin on plants have been observed. 
Increased stem elongation was the 
first and still the most generally no 
ticeable response. Treated plants 
grow taller, sometimes abnormally 
tall. There is a stepwise growth re- 
sponse over a very wide range of 
concentrations, and as little as one- 
hundredth of a microgram of gib- 
berellin increases the rate of stem 
elongation in the bean plant. Leaf 


size, flower size, and earlier flowering 
have been increased on some plants 
consistently. 

The growth of many plants is 
greatly stimulated with gibberellin 
in cold weather when otherwise 
there would be no growth. Ade- 
quately fertilized lawn grasses and 
turfs will develop to a lush green in 
early spring two to three weeks in 
advance of the normal season from 
doses of a few grams of gibberellin 
per acre. Aside from the novelty, 
earlier growth and greening of golf 
course turfs can become commer- 
cially significant. 

Growth of otherwise vestigial or 
dormant buds can be promoted on a 
variety of crop plants such as cot- 
ton, potatoes, strawberries, and cof- 
fee. This not only may contribute to 
the total fruiting capacity of the 
plant, but a uniformity of growth 
and fruiting previously impossible 
may be achieved. 

The most striking results so far 
have been with seedless grapes; the 
berries are larger, and the clusters 
less compact. 

The size of seeded grapes also is in 
creased, and the fruit may ripen and 
color earlier. Significant increases in 
fruit-setting of some pear and ap- 
ple varieties have been reported. 
Gibberellin-sprayed citrus fruit has 
thinner rinds, more juice, and a 
higher vitamin C content. 

Many seeds germinate earlier and 
there is a more rapid growth of seed- 
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SEEDS EMERGE curlicr if treated 
with gibberellin, whether 

in laboratory, greenhouse, or 
field. Beans (above) show 
relative effects, left to right, 

of no treatment and 

of applications of increasing 
concentrations. Geraniums (right 
have larger, longer-lasting 
flowers if gibberellin 

is applied to buds. Control 
blossoms, which were untreated 
are shown at left 


lings. Cotton, sorghum, wheat, and 
direct-seeded tomatoes have re- 
sponded favorably to seed treat- 
ments. 

Gibberellin has many other direct 
or indirect effects on plant behavior. 
Wintertime growth of plants grown 
under short day-lengths is improved 
greatly. Thus, significant increases 
in yield of celery, spinach, and other 
leafy vegetables may occur in fall 
and winter vegetable growing areas. 

But certain harmful effects, in- 
cluding twisting of the stalks, more 
rapid development of seedstalks, a 
shorter harvest period, and increased 
breakdown in storage, may outweigh 
the benefits. Top growth is favored 
over root growth, and stem growth 
over leaves. 

Dwarf varieties of peas, beans, 
corn, cotton, and tomatoes when 
treated with gibberellin grow as tall 
varieties. Spider mites fail to repro- 
duce normally on gibberellin-treated 
bean plants. 


Mechanical harvesting 
made easy 


Mechanical harvesting of spinach 
can be facilitated because the leaves 
of treated plants turn more upright 
within one to two days after treat- 
ment and can be clipped with greater 
ease. Similarly, mechanical harvest- 
ing of pickling cucumbers is aided 
because gibberellin-treated plants 
produce their first pickles farther 
out on the runners and fruit-setting 


at the crown is eliminated. 

A particularly int resting flower- 
ing response that can be controlled 
with gibberellin is in the cucumber. 
Cucumbers that produce only fe- 
male flowers have been developed. 
Staminate or male flowers have 
been induced on these otherwise 
completely female flower-producing 
plants following foliar sprays of gib- 
berellin. In fact, complete flower sex 
reversal has been achieved experi- 
mentally. 

An application of this phenome- 
non has been suggested as an easy 
way to develop hybrids in other 
crops, by making one parent strain 
all male, the other all female. 

One of the potentially important 
developments of gibberellin is its 
formulation with various fertilizer 
salts and plant foods. Gibberellin- 
treated plants grow .at greatly ac- 
celerated rates, soil nutrient supplies 
are quickly exhausted, and the 
plants turn a yellowish green. This 
can be partially or almost complete- 
ly avoided if nutrient levels are high 
or if fertilizer salts are applied in 
combination with gibberellin. 


Animal growth promoter? 


The most recent speculation in 
the applications of gibberellin is as 
an additive to animal feed. A patent 
for using gibberellin to stimulate 
animal growth now has been issued 
to three Indiana researchers—John 
R. DeZeeuw, Gerald A. Donovan, 


Horticulturist 

Dr. S. H. Wittwer stands 
beside 12-foot 
cabbage grown 

with gibberellin 

at Michigan State, 

u here he has bee n 
teaching, researching 
and u riting 

since 1946. He is 

a PhD graduate 

and former faculty 
member of the 

Univ. of Missouri. 
Dr. M. J. Bukowvac 
(lower le ft ), 
Michigan State PhD. 
hus been a member 
of the university's 
faculty since 1956, 
specializing 

in the physiology 

of flowering 

and fruit growth 


have slowed its commercial development. 


and William C. Sherman—who have 
assigned it to Charles Pfizer. 

The inventors claim that a very 
small amount of gibberellin, be- 
tween one part in a billion and one 
part in a million, significantly in- 
creases the growth rate of poultry 
and also is effective for cattle, sheep, 
pigs, lambs and other farm animals. 

The compounds used for this pur- 
pose are gibberellins A,, A., and As, 
which have been more successful in 
promoting animal growth, according 
to the patent holders, than have 
such materials as penicillin and stil- 
bestrol. However, use of these older 
additives still may be necessary, in 
conjunction with the non-antibiotic 
gibberellin, to reduce the incidence 
of disease in at least some cases. 

(The research departments of 
other manufacturers report they 
have been unable to produce any 
noticeable effect using gibberellin on 
animals—either microorganisms for 
antibiotic use or the higher ani- 
mals. ) 

Be this as it may, we may project 
that many of the agricultural uses 
of gibberellin will be unlike those of 
other chemicals. Possibilities for 
gibberellin probably lie in yet un- 
explored areas of chemical regula- 
tion. New uses will not be realized 
hastily, nor will they develop with- 
out disturbing side effects that may 
be decidedly damaging unless cer- 
tain fertilizer and harvesting prac- 
tices are adjusted. Herein, however, 
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300% 
FASTER 
ULTRASONIC 
CLEANING” 


WITH THE NEW 
SELF TUNING AUTOSONIC 


BY POWERTRON 


Powertron Autosonics are the only 
cleaners that continuously tune them- 
selves electronically to rive you peak 
cleaning efficiency. Regardless of load 
changes, liquid level, liquid tempera- 
ture. o1 operator inattention, you get 
top cleaning performance hour after 
hour with no controls other than a 
single switch 


The Powertron self tuning feature is 
available in a complete line of Auto- 
sonic tank units, consoles, cabinet 


models, immersible transducers, and 


vapor degreasers that... 
ELIMINATE OPERATOR TRAINING AND MONITORING 
IMPROVE QUALITY 
REDUCE REJECTS 
CUT LABOR AND SOLVENT COSTS 


file show 


Send for Powertron’s free booklet 60-1, 
How to Clean Ultrasonically with Self 


POWERTRON 
ULTRASONICS CORPORATION 


DEPT. IR-1 + PATTERSON PL. ROOSEVELT FIELD 
GARDEN CITY, L.I., WY. © Plomeer 1-3220 


lies the challenge for the future. 

Four to five thousand acres of 
California seedless grapes have been 
sprayed in 1960, and a like amount 
of cotton seed treated or plants 
sprayed. Trial acreages of grass, cel- 
ery, coflee, wheat, citrus, sugar cane, 
and potatoes have been treated. 

But in each crop the treating ob- 
jective is different—grapes for larger 
berry size and increased yields, cot 
ton for earlier seedling emergence, 
grass for earlier spring, growth etc. 
ist commercial use: malting 

The first important commercial 
usage of gibberellin appears to be in 
the malting industry. Only one gram 
of gibberellin per ton of barley, or 
one part per million in the steeping 
water, is required. Gibberellin great- 
ly reduces germination time, and 
increases the alpha amylase activity 
beyond that which could be secured 
even by a greatly extended period 
of germination. The result is a dry 
malt with high amylase activity. 

Little is known of the comperative 
effects on growth, flowering, and 
fruit-setting of the nine known gib- 
berellins. Commercial production 
until now has been almost exclu 
sively gibberellin A. (gibberellic 
acid), accompanied by a_= small 
amount of gibberellin A,. This has 
been wise because for most plant 
responses gibberellin A. is by far the 
most effective of the gibberellins. 

Recent tests, however, have re 
vealed that gibberellin A, is ap 
proximately 10 times more effective 
on cucumbers than A., and this has 
been confirmed for seed germination 
in tobacco and leaf expansion in the 
bean and radish. At this writing the 
only source for gibberellin A, is the 
laboratory of Dr. Y. Sumiki at the 
University of Tokyo in Japan 
The market potential 


Forecasts of the market potential 
for gibberellin range from enthusi 
astic to cautious. One of the most 
optimistic predictions has come from 
Fortune ( April, 1959), which called 
gibberellin the “‘most interesting” of 
a new group of chemical growth 
regulators that “‘within a decade or 
two . . . will probably provide the 
chemical industry with a_ billion- 
dollar-a-year market.” 

A more conservative view has 
been expressed by Norman Leffler, 
product manager of industrial and 
medical chemicals for Abbott Lab 
oratories, which manufactures gib- 
berellin for marketing by Velsicol 
Chemical Co 


Leffler, who does not see a large 


market for gibberellin in the near 


future, points out that general use 


of the compound for each plant must 


be cleared individually with the 
Federal Drug Administration under 
the Food Additive Amendment law. 
So far, only one use — malt is 
cleared, and further clearances may 
be expected to come slowly because 
of the necessity for proving gibberel- 
lin’s non-toxicity in food residue, an 
extremely difficult task in view of 
the minute quantities (in the order 
of 0.001 parts per million) involved 
in the residues. 

The gibberellins apparently are 
“safe” chemicals for use on food 
crops. No unpleasant or otherwise 
noticeable effect on the user ever 
has been reported. When applied to 
plants they are readily absorbed, 
but remain highly systemic and are 
not stored in any particular part 
Massive dosages far above those 
that possibly could be encountered 
with treated food crops have proven 
harmless to a wide selection of test 
animals 

Finally, gibberellins occur natu 
rally in some and perhaps all higher 
plants. The gibberellin applied in 
crop production is, therefore, merely 
additive or supplemental to those 
that are plant produced 

However, government restrictions 
persist, and the main concern at 
present is to get gibberellin cleared 
through the FDA for use on grapes 
Extensive experiments with seed 
less grapes have produced superior 
quality fruit which has commanded 
prices 50°; above the market in 
New York’s produce center. Because 
of success in growing better crops, 
experimentally, efforts will be made 
to get early FDA clearance on 
oranges, lemons, tangerines and 
celery. 

Once FDA _ requirements have 
been met on these items, agricultural 
use of gibberellin will increase. For 
example, a very practical applica 
tion of the compound will be in the 
growing of the hybrid Orlando tan 
gelos (a cross between a tangerine 
and a grapefruit), a premium citrus 
fruit which sells at a high enough 
price to offset the expense of gib 
berellin treatment 
High cost, difficult usage 

But the marketing problem for 
gibberellin is not limited to govern 
ment regulations. Also involved are 
the comparatively high cost of the 
product and certain difficulties in 
using it properly. 

From the standpoint of econom- 
ics, for instance, it does not seem 
practical to apply gibberellin to 
mass crops such as corn because the 
effect is not great enough to over 
come the expense of the chemical. 
The same is true for use on trees, 
which must be treated repeatedly 
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for effective results since gibberel- 
lin’s stimulating power on trees 
wears off rapidly. 

Perhaps even more important as 
a use-limiting factor is the fact that 
gibberellin treatment must be spe- 
cifically tailored to each plant—even 
different varieties of the same plant 
sometimes react differently to the 
compound—and to each set of grow- 
ing conditions. For example, when 
the weather is cold and dry, cotton 
can be stimulated favorably with 
gibberellin, but when conditions are 
warm and humid, cotton plants are 
affected unfavorably by the chem- 
ical. 

Thus, complications of using gib- 
berellin effectively are too involved 
for the average home _ gardener, 
which eliminates any do-it-yourself 
market for the product. A few years 
ago when publicity on gibberellin 
was particularly widespread, small 
packages were put on the retail mar- 
ket and enjoyed a brief popularity in 
sales to the nation’s thousands of 
weekend farmers. But the difficulties 
of knowing just where, when, and on 
what to use gibberellin, and a few 
poor results therefrom, have reduced 
the small-package business to a bare 
trickle. 


The limits of food production 


While the difficulties in use and 
the expense of production seemingly 
are built-in limiting factors to gib- 
berellin’s market growth at present, 
many scientists now are busy on 
these problems, for gibberellins are 
unique chemical agents for control- 
ling many aspects of plant behavior, 
and have served as a major scientific 
breakthrough in plant physiology. 

Gibberellins offer control of im- 
portant plant responses — elimina- 
tion of dwarfism; elongation of 
stems; increased top-root and stem- 
leaf ratios; expansion of leaves; pro- 
duction of dry matter; increased 
fruit-set on grapes, Bartlett pears, 
Navel oranges, and some varieties 
of apples and cotton; acceleration of 
flowering in biennials and long-day 
annuals; induction of normal growth 
rates at sub-optimal temperatures 
and photoperiods; control of flower 
sex expression in cucurbits; and 
finally a means of regulating enzyme 
production, germination, and seed 
ling emergence of many seeds used 
in industry and agriculture. 

As a chemical approach in medi- 
ating the effects of temperature, 
light, photoperiod, and _ nutrition, 
gibberellin one day may cancel out 
many of the uncertainties of season 
and weather, thereby radically ex- 
tending the boundaries and magni- 
tude of crop production. + 


Roll Back 


The 


Thermal 
Barrier 


CHROMALLIZING 


Oxidation and thermal shock resistance of 


| 
tals used in jet engines and 


similar superheat applications are greatly improved with CHROMALLIZ- 
ING. The patented and proven process of diffusing chromium with other 
elements into the surface provides an alloy case which is integral with the 
base metal. It can’t peel or flake; the chromium and other elements diffuse 
uniformly into recesses, pore$, cracks and even blind holes. 


Alloy 


Iron Base 
including 
stainless 
steels) 


Nickel Base 


Cobalt Base 


Molybdenum 


Usual Operating 


Operating Temperature of 


Temperature CHROMALLIZED Alloy 
1500° F SA CHROMALLIZED 310 and 321 stainless steels show 
no failure after 18 hours at 1 in an atmos- 
phere containing lead bromide and lead sulfide. 
1800° F U CHROMALLIZED nickel base alloys are unattacked 
ofter 200 hours at 2000° F. 
1800° F SAC CHROMALLIZED cobalt base alloys are un- 
attocked after 150 hours at 2200° F. 
Over 2000° F W-2 CHROMALLIZED molybdenum shows no failure 


after 400 hours at 2350° F, after 48 minutes at 
2800° F, and after one minute at 3400° F. 


Ordinary steel can also be chromallized to provide resistance to corro- 
sion, oxidation and wear. 


A recent Chromalloy development, IOCHROME (99.997 % pure chromium), 
is a basis for chromium alloys for use at 2500°F. 


Write for illustrated BULLETIN RH 


,) hromalloy corporation 


169 Western Highway * West Nyack, N. Y. 
ELmwood 8-5900 


CHROMIZING CORPORATION, LOS ANGELES, CALIFORNIA 
PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, ILLINOIS 
Propellants, cartridge actyated devices, explosives and special chemicals, 
ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO. Quality gray iron castings. 
SINTERCAST DIVISION, YONKERS, 


Y. Machinable carbides & nuclear materials, 
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CHECKLIST FOR MORE INFORMATION 


New products 


[| SILICON POWER TRANSISTORS now are 
available for those applications where you need more 
transistor power, extra long life, and greater stability 
under all operating conditions. Nine new devices, each 
rated at 30 amps, permit greater flexibility of circuit 
design in high-power applications. Write to Dept. SC- 
1012, Westinghouse Semiconductor Dept., Youngwood, 
Pa 


| A MAJOR CAUSE OF TRANSISTOR FAIL 
URE can be eliminated by building a transistor inside 
its own shell. The new method, called “Planar Struc- 
ture” is explained in a 12-page brochure available from 
Fairchild Semiconductor Corp., 545 Whisman Rd., 
Mountain View, Calif 


| SILICONE FLUIDS developed by Dow Corning 
make it possible to design more efficient mechano-fluid 
devices. They are resistant to oxidation, are non-gum 
ming and non-sludging, and are serviceable at temper 
atures from —100 F to +400 F. Write for a descriptive 
brochure to Dept. 4412, Dow Corning Corp., Midland, 
Mich 


MAXIMUM OSCILLOSCOPE SENSITIVITY 
can be used to display small segments of large wave- 
forms with the new type-Z plug-in unit offered by 
Tektronix. The unit also acts as a conventional pre 
amplifier and a differential-input preamplifier. Write 
to Tektronix Inc., P.O. Box 500, Beaverton, Ore 


COMPOUNDING JOBS can be done less ex 
pensively with Aroclors developed by Monsanto. A 44 
page booklet outlining electrical, mechanical, chemical, 
ind specialty uses is available by writing Dept. 2734, 
Organic Chemicals Div., Monsanto Chemical Co., St 
Louis 66 


NEW VACUUM GAGE measures pressures in 
two ranges, from 3,000 microns to below 10 * mm Hg. 
Send for bulletin 3811.1, Kinney Vacuum Div., 3526M 
Washington St., Boston 30. 


[} ULTRASONIC CLEANING now can be done 
efficiently with cleaners that are continuously self-tuned 
electronically. Send for booklet 60-1, “How to Clean 
Ultrasonically with Self Tuning,” Dept. IR-1, Power- 
tron Ultrasonics Corp., Patterson Pl., Roosevelt Field, 


Garden City, L.1L, 
|} AUTOMATE YOUR ANALYSES on a new 


nondestructive analyzer that uses principles of radio 
frequency spectroscopy to make measurements. A de 
tailed 12-page brochure is available from the Ridge- 
field Instrument Group, Schlumberger Corp., Ridge- 
field, Conn 


PRESSURE-TO-VOLTAGE SYSTEM incorpo- 
rating only one moving part gives you all advantages 
of a variable-reluctance transducer without the disad 
vantages of AC transmission. Write for complete specs 
to Ultradyne Inc., P.O. Box 3308, Albuquerque, N.M. 


or neu products, new ideas, employment opportunities 


[}] ENGINEERING TRAINING can be made 
easier with the new Automat 25A set, allowing trainees 
to construct their own three-dimensional model mecha 
nisms. Write for catalog to Dept. M-1777, Science 
Materials Center, 59 Fourth Av., New York 3. 


ideas 


[] YOUR COMPUTER NEEDS can be served 
better via the 11 new information processing centers 
which will be opened within the next year and a half 
throughout the nation by General Electric. For more 
information, write to the GE Computer Dept., 13454 
N. Black Canyon Hy., Phoenix. 


[] AN ELECTRONIC COMPUTER ordinarily is 
a large expense. But Bendix Computer has information 
showing how at a low initial investment, without add 
ing special personnel or facilities, you can start now to 
provide your firm with the money-saving speed and 
precision of electronic computation. For application 
and other information, write to Bendix Computer Div., 
Dept. Y-28, Los Angeles 45. 

[]) EXPANSION-MINDED COMPANIES might 
consider Massachusetts for exceptional human and cli 
matic resources. For detailed, factual information, write 
to Massachusetts Dept. of Commerce, 150 Causeway 
St., Boston. 


[] PLANT-SITE PROFILE on New York, the 
most comprehensive ever done on an industrial state, 
is available describing labor, markets, raw materials, 
power, transportation, financing, etc. Write Comm 
K. S. McHugh, Dept. of Commerce, Rm. 851, 112 
State St., Albany 7, N.Y. 


[] LABORATORY SPACE CAPSULE -- designed 
to measure man’s physiological and psychological lim 
its and test life-support systems under simulated space 
flight conditions — has been developed by Garrett for 
WADD. For more information about this and about 
employment opportunities, write The Garrett Corp., 
AiResearch Mfg. Divisions, Los Angeles 45. 


[|] CHROMALLIZING, a process for diffusing chro 
mium with other elements into the surface, provides 
an alloy case that is integral with the base metal. It 
can’t peel or flake. Write for illustrated bulletin RH, 
Chromalloy Corp., 169 Western Hy., West Nyack, N.Y 


[] PATENT FOR SALE covers novel, simple, 
sheet-metal products to be used by the electrical man- 
ufacturing industry. Market survey indicates sales 


would be in excess of $2-million yearly. Write to Box 
705, Industrial Research, 200 S. Michigan, Chicago 


Employment opportunities 

[]} KEY CAREER OPPORTUNITIES are offered 
to scientists and engineers in 10 technological fields 
by Allied Research, Boeing subsidiary. For a booklet 
describing facilities and capabilities, write Allied Re- 
search Associates Inc., 43 Leon St., Boston 15. 


[} THREE MANUFACTURING RESEARCH 
ENGINEERS are wanted to do original work with 
new materials. Send resume to Mr. T. H. Tillman, 
Box 303-QT, The Bendix Corp., 95th & Troost, Kansas 
City 41, Mo. 
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TRENDLETTEK. 


Dear Sir: 

Industrial development in foreign nations, much of it sparked aaa 
by their growing research activities, is stimulating U.S, industry by providing 
both competitive challenge and new products and processes adaptable to . 
industrial operations. (See special section of this issue, beginning on page 46,) a 


One of the latest new advances is a lubricant for use in metal-= ee 
forming processes at temperatures between 1100 and 2200 F, developed by a 4 | 
large steel manufacturer in Germany and available in the United States from ae 
Alpha-Molykote Corp., 65 Harvard Av., Stamford, Conn. The new lubricant, : 
called Phosphatherm RN, is said to prevent galling, scoring, and metal pickup 
when forming mast types of common steels, steel and copper alloys, and exotic 
metals at elevated temperatures, for which conventional lubricants often are 
ineffective, 


The day may not be far off when executives' dictation will be 
transcribed directly by a phonetic typewriter operated by voice. Such a 
typewriter, the Sonotype, has been built at Kyoto University, Kyoto, Japan, 
and in early tests has scored more than 70% accuracy. To date the university's 
experimental model is limited to 100 monosyllables of the Japanese language, 
but research is underway to expand its range and to make it adaptable to other 
languages. 


To meet foreign competition which now has 40% of the U.S. 
market in nails, a system for automatic packaging has been devised by Mead 
Corp.'s New Products Div., 4400 Marburg Av., Cincinnati, New system cuts 
nail packaging costs in half, uses powerful electromagnets to align nails as 
they fall down a chute into heavy-duty corrugated paperboard cartons, Mead 
expects the system eventually to be used for other metal and free-flow materials 
such as screws, bolts, shotgun shells, and even detergents. 


computers 


With electronic computers becoming more and more widely 
used by U.S. industry (see computer applications articles in this issue beginning 5 
on pages 14 and 20), another new application is for automatic control of the | 
Riverside Power Station of Gulf States Utilities Co, 

The first such installation in an existing electric generating plant, 
the system is expected to increase Riverside's flexibility and reliability in 
supplying power requirements, Prime contractor for the power station's 
modernization is Allis-Chalmers Mfg. Co., Milwaukee, which will design, furnish, 
and install the complete control system and also will modify existing equipment.as 
required, 


Communications & Control Corp., 14707 Keswick St. ; Van Nuys, 
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; Calit., has begun production on its Model 1610 digital data system, which is 

41 designed to monitor and recerd data from an entire plant at high speed, replacing 

‘i chart and strip recorders, and is said to provide higher accuracy. Communications 

io & Control sees principal use of the 1610 in process industries, power distribution ae 
4 centers, and laboratories where large quantities of data are required at low cost. 4 


For the first time an electronic data-processing system is being 
used to increase accuracy and efficiency in the delivery of telephone books. 
' Yellow-page” delivery orders are being turned out at the rate of 1,200 characters 
a second for New York Bell by RCA's 501 computer system from its six magnetic~- 
tape memory units, By this method 9-million directories will be distributed in 
New York and suburbs, The computer system permits rapid updating of customer 
files, enabling Bell to make delivery order changes even while the books are being 


printed, 

v The U.S. Weather Bureau has put into operation an electronic Be 
computer ''weather plotter" that mechanically draws a complete weather map of 
‘ the Northern Hemisphere in less than three minutes, Developed’ and produced by ya 
my Electronic Associates Inc., Long Branch, N.J., the unit reads weather information { 
f supplied in numerical form on magnetic tape. A digital-to-analog converter then 

; instructs a "mechanical hand" to draw contours) Or isobars, representing lines of 


barometric pressure, on a 30 x 30-inch map of the hemisphere. (See drawing No.1 .) 


= 


matcriais 


Ceramic-insulation materials capable of withstanding temperatures 
of more than 500 C have been developed by GE's Direct Carrent Motor and Generator 
Dept., Erie, Pa, For use in electrical systems of Mach 3 aircratt, as well as for 
future missiles and other space applications, the new inswation materials are of 
two types. One, for ground and phase insulation, is an jnorganic sheet material, a 
composite of flake mica and glass cloth bonded together with an inorganic cement. 
The other, am encapsulating material, is a cerafic c@menft consisting of equal 
parte of magnesium oxide and glass frit, with a binder of aluminum phosphate in 
“4 phosphoric acid, 


Discovery of a new metallic compound with unique on-and-off 
magnetic characteristics has been reported by Du Pont, Wilmington 98, Del, The 
new material -- chromium manganese antimonide ~= isa brittle, gray manganese 
cempound, It becomes magnetic at temperatures above a point predetermined by 
ite chemical composition, then becomes nonmagnetic at temperatures below that ‘ 
point. The temperature at which the compound becomes magnetic can be varied bias, 
over a wide range by slight changes in the material's composition, The abrupt 4 
magnetic change occurs because the distance between the compound's atoms is 
varied, Thus a temperature change, causing the material to expand or contract, 
alters the distance between atoms and brings about the magnetic change. 


American Machine & Foundry Co., 261 Madison Av,, New York 
16, has demonstrated three unusual new applications for its "tissuglas," ali-glass 
insulating paper, (See photograph No, 2.) Potentially largest new use is in 
1/16-inch-thick flexible electroluminescent panels which, AMF claims, give off 
light superior in brightness, clarity, and uniform texture, Tissuglas also can 
be used as a saturating base in the manufacture of bonded strain gages, where 
its ability to pick up resins in uniform thicknesses gives the gages uniform 
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resistance and high+temperature stability. In its third njwuse, tissuglas of 
one mil thickness can be laminated with 3/4-mil copper {dil to produce the 
innest printed-circuit material now available. 


electronics 


An electronic reading and printing systern, which makes it 
possible to transmit mail from one city to another in seconds, has been 


developed by Stromberg-Carlson and Haloid Xeroy Inc., both of Rochester, N.Y. 
The system recently was tested extensively by the ..S, Post Office Dept,, which 
used it for sending mail between Washington and Chicago, (See "Speedup in 
Office Copying” beginning on page 69, this issue.) 

A completely automated operation which assures privacy of the 
mail, the system uses photcelectric or facsimile scanning to “read” letters, 
transmitting them via TV-type communications lines to the destination city, 
where an electrostatic printing device receives the measage and reproduces it 
in black and white. This letter then is sealed and ejected from the machine, 
ready for delivery to the addressee. 


IBM has anaounced development of two new tunnel diodes which 
promise far greater speed and reliability, and lower power use, for electronic 
computer circuits. One of the new diodes, which ewitches at speedit faster than 
4/10ths of a billionth of a second, is intended for use in basic computer circuits 
known as binary triggers, where it should speed up arithmetic operations five to 
10 times over previously designed units, 

The other new diode also has high speed and other improvements 
which show promise for computer storage circuits. Design advances in both 
tunnel diodes come from a new fabrication method involving an electronically 
monitored and controlled etching technique, After a pellet of germanium (used 
for both diodes) has undergone its basic device packaging, the new automatic 
process, which assures uniform electrical characteristics in every unit, etches 
away the germanium until an almost microscopic pyramid remains, Photograph 
No, 3 shows the sizes of the two new diodes in comparison with the head of a 
paper match, 


(The tunnel diode, a major advance in computer technology, was 
invented in Japan in 1957. See “Computer Progress in Japan,” beginning on 
page 63, this issue.) For more information on the IBM developments, write to 
Howard K, Janis, IBM Research & Engineering Information, 590 Madison Ay., 
New York 22, or Robert W, Slade, IBM Data Systezns Div,, Poughkeepsie, N, Y. 
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The "tunneling" electronic process used in the semiconductor 
tunnel diode has been observed for the first time in a simpler device at GE's 
Research Laboratory, Schenectady, N.Y, The device (see photograph No. 4) 
consists of two metal films separated by a thin insulating layer, with one or 
beth of the metal films in the superconducting state (offering no resistance to 
passage of electric current). 

GE reports that, while the discovery is too recent for full 
evaluation, it has opened a new approach to the construction of versatile, 
microminiature electronic components and may make possible a whole new 
family of electronic devices, 


A new transistor has been perfected that makes possible 
production of all-transistor high-fidelity sound equipment on an economically 


practical basis, according to RCA, 30 Rockefeller Plaza, New York 20. The 
transistor -~- which has an alloyed emitter, diffused collector, and graded base -- 
can be used in both Class A and B audio amplifiers, a job transistors previously 
have not been able to do economically, 


Bell Telephone Laboratories, 463 West St., New York 14, 
has developed a system which performs electronically all furictions of handling 
telephone calls. Photograph No, S&S shows test phone at administration center in 
Morris, Ul, where ECO (electronic central office), now on customer trial, 
permits subscribers to: use home extension phones as intercoms; reach 
frequently called numbers by dialing only two digits instead of seven; have 
incoming calls routed to another phone when the originally called line is busy; 
and dial a code to transfer all following incoming calls to any other number. 

Services to be added later will allow the trial users to call a 


third party into an existing telephone conversation and to get immediate 
connection to a busy line as soon as it becomes available. Bell expects ECO 
to go into production in 1965 and to be worked into the company's system 
gradually from that time on, 
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An infrared guidance sensor to control final orientation of U, S, 
space probes during flights to Venus and Mars now is being developed by 
Barnes Engineering Co,, 40 Commerce Rd,, Stamford, Conn, On such flights, 
planned for 1962, radio and inertial guidance will place the probes within 100,000 
miles of the planets. Infrared terminal guidance systems then will take over to 
point the vehicles’ measuring instruments at the planets, 


Infrared Industries Inc., Waltham, Mass,, soon will put on the 
market a new communication system which uses principles of missile detection 
and satellite observation to send telephone-like conversations hundreds of yards 


without wires, The “infraphone,™ which is powered by ordinary flashlight 


batteries and has a transistorized amplifier, will be sold through electronic supply 
houses, sporting goods stores, marine supply outlets, and hobby shops. 


An infrared kit enab.ing Army tanks to operate at night is under 
development at the U.S, Army Engineer Research & Development Laboratories, 
Ft. Belvoir, Va, The kit will include an infrared-visible xenon searchlight, a 
gunnsr's infrared-visible periscope, a commander's infrared periscope, and a 
hand-held infrared binocular, 

The searchlight is to be mounted to operate in unison with the 
tank gun, and the beam will be variable in width and intensity, Infrared radiation 
will illuminate objects so they can be observed by the periscopes and binoculars, 


A newly designed slide rule reduces the number of steps necessary 
to figure radiation from a black body. The slide rule, which in many instances 
provides information with one setting of the slide and/or cursor, is available from 
Walsh Engineering Sales Co,, Inglewood, Calif, 


power 


An experimental reactor to test use of a molten uranium salt as 
fuel will be built by the AEC at Oak Ridge. This type of reactor -- said to offer 
cost savings by operating at higher temperatures and producing electrical power 


moore efficiently than conventional reactors -- also eliminates expense of fabricating 


fuel elements and simplifies reprocessing of spent fuel. 

The experimental model, to be in operation by 1963, will cost 
$4. 1-million, It will produce a maximum of 10,000 kilowatts of heat, but no 
electric power will be generated, 


A low-powered, propane-fueled thermoelectric generator system 
for the Navy's first unmanned ocean-based automatic weather station is being 
designed and built by General Instrument Corp, under contract with the National 
Bureau of Standards, The weather station is located 300 miles offshore in the 
Gulf of Mexico, 


A completely gas-operated fuel-cell power pack to generate 
electricity directly from natural gas, water, and air, is under development at 
the Inst, of Gas Technology, Ulinois Inst, of Technology, Chicago 16. To produce 
10 kw, such a power pack will be about the size of a gas furnace. Heart of the 
unit will be a number of thin high-temperature cells, generating electricity by a 
direct electrochemical reaction, 
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new processes 


Continuous rolling of strip from powder has become a reality 
with the first preduction unit for direct compacting of powder by Metals for é 
Electronics Inc,, 1331 Dixwell Ave., Hamden 14, Conn, Output to date has aii 
been limited to nickel strip. 


The world's most powerful x-ray machine, specifically designed 
for high-speed radiography in the metals industry, will be installed this spring 
at A, O, Smith Corp.'s Milwaukee plant. The 8-million-electron-volt linear 
accelerator is being built by High Voltage Ea.ginee-ring Corp., Burlington, Mass. 
The machine, called the Linac, will "see" throug: steel more tian a foot thick 
and will furnish photographic proof of the soundness of such metal structures as 
core barrels for nuclear reactors and high-pressure vessels, 


A l-million-gallon per day plant for conversion of sea water to 
fresh water will be constructed for the U,S, Dept. of Interioz’s Office of Saline 
Water by Westinghouse Electric Corp., Box 2278, Pittsburgh 30, The plant 
will be located at Point Loma near San Diego, Calif,, amd its daily fresh-water 


output will be purchased by the city of San Diego. 


World's first completely automated coal-fired steam electric 
power plant is being built at Goldsboro, N.C,, for the Cerolina Power and Light a 
Co. A computer will both start up and shut down the plant and will include analog 
sub-loop controls, Called the Sparc (steam, power, automation, results, computer) 
system, it is being supplied by Daystrom Inc.'s Control Systems Div., Murray Hill, 
N. J. 


now avctiable 


Cryogenics Inc,, 1129 Vermont Av., N,W., Washington 5, D.C., 
has new vapor-pressure thermometers for high-accuracy determination of 
temperatures over small spans in the low-temperature regions, A sensing = 
element contains a gas such as helium, oxygen, or hydrogen, which is liquified 
at some temperature in the range of interest, 20 to 150 K. Response time is 
less than 200 tnilliseconds, 


All-acrylic electroluminescent panels are being produced by 
Controls Co, of America, 1420 Delmar Dr., Folcroft, Pa, Panels are 
completely machimable and offer great flexibility in application, 


Smallest known strain-gage transducer is produced by Statham 
instruments Inc,, 12401 W. Olympic Blvd., Los Angeles 64, Calif. Described 
as a microminiature, flush-diaphragm transducer with high-frequency response, 
it is smaller than a dime and weighs only 9.5 grams, Ranges are 0-10 psi to 
0-100 psi, in absolute, gage, or differential pressures, Ambient temperature 


Ei limits are -65 to 4150 F. 
A new transistorized voltage comparison amplifier made by 

Non-Linear Systems Inc., Del Mar, Calif., is said to provide @ precise, fast, 2 
a and reliable way to determine if an input voltage or series of input voltages is i 
on 


within preset limits. Colored bulbs light for visual indication and relays operate 
external warning and control devices within 90 milliseconds after applying the 
voltage under test, 
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.. for detailed Wavetonn 


iN UNIT 
TYPE Z PLUG- 


TYPICAL APPLICATIONS) 
FAST-RECOVERY AMPLIFIER—observe smali signals 
riding with large gates. 
MODULATION MONITOR—measure amplitude modula- 
tion on a digital train pulse. 
HIGH-AMPLITUDE HUM REJECTION—reject up to 
200 volts peak-to-peak common-mode hum. . 
SEMICONDUCTOR CHARACTERISTIC S—measure 
Zener diode ac impedance and Zener voltage together, 
measure transistor output impedance. s 
PULSE-HEIGHT /.\NALYSIS—select any pulse above a 
preset dc level. 
ste NT MATCHING—check components to easily- 
Interpreted tole eted tolerances. 


MAIN CHARACTERISTICS 


3 Modes of Operation—as a conventional preamplifier, as a dif- 
ferential-input preamplifier, or as a calibrated differential com- 
parator. 

50-mv/cm Sensitivity —nine calibrated attenuation steps to 25 v/cm. 

Wide Passband—dc to 13 mc with Tektronix fast-rise scopes. 

£100-volt Dynamic Range—permits common-mode signals up 
to 100 volts to be applied to the unit without attenuation. 

40,000 to 1 Common-mode Rejection Ratio—allows measure- 
ment of differential signals less than 50 millivolts. 

Comparison Voltage Accuracy—within 0.25% on the +1-volt 
scale; within 0.20% on the +10-volt scale; within 0.15% on the 
+100-volt scale. 

Safety Feature—the Type Z eliminates “floating oscilloscope” 
operation. 

AC and DC VTVM-—extends oscilloscope accuracy in both ac 
and dc voltage measurements to 0.2%. 


Price, Type Z Plug-in Unit, f.0.b. factory 


TEKTRONIX FIELD OFFICES: 4 
enve Detroit (Lathrup Villa 
aivt 
NY. « egt an Fra A 
TEKTRONIX ENGINEERING REPRESENTATIVES: 


in Europe please write Tektronia inc Victori 


Sampsons, Guernsey Cl 


Vertical Expansion 
500 Times 


Horizontal Expansion 
500 Times 


Vertical Horizontal 


10 usecicm 


mv/cm 


Vertical 
25 vicm 


Horizonta 


5 ms/icm 


Horizontal 


10 usecicm 


Vertical 4 
50 mv/cm 


Ve= 


New differential plug-in preamplifier rejects up 
to 100 v of an input signal . . . accepts 100-1 
waveforms for oscilloscope display at 50-myv/cm 
sensitivity . . . provides an equivalent vertical 
scale length of +2000 centimeters. 


You can now display small segments of large waveforms 
at maximum oscilloscope sensitivity, with vertical expansion 
equivalent to as much as 500 times. You can select magnified 
“window” displays of all portions of a waveform, and make 
amplitude measurements with a degree of accuracy that closely 
approaches the possibilities of digital techniques. The flexi- 
bility and simplicity of the analog (oscilloscope) presentation 
is retained for accurate analyses of complex waveforms. 


The new Type Z Plug-In Unit is a triple-purpose device, 
acting also as @ conventional preamplifier and a differential- 
input preamplifier. It can be used in all Tektronix Type 530, 
540, 550, and *580 Series Oscilloscopes. Ask your Tektronix 
Field Engineer to demonstrate the dynamic range, waveform 
resolution, and amplitude accuracy of the Type Z in your 
application. 


*with Type 81 Adapter. 


Tektronix, Inc. 


P.O. Box 500 * Beaverton, Oregon 
Phone Mitchell 4.0161 * TWX—BEAV 311 * Cable: TEKTRONIX 


for the address of the Tektronix Representative in your country 
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“From this modern new headquarters and 
“manufacturing plant in Phoenix, Arizona 
General Electric Announces. 
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GENERAL ELECTRIC COMPUTER DEPARTMENT ADDING 


11 NEW INFORMATION PROCESSING CENTERS AND 10 NEW SALES 


OFFICES TO THE 16 SALES OFFICES NOW OPEN! 


To better serve your computer needs, eleven new 
Information Processing Centers will be opened 
within the next year-and-one-half in addition to the 
two Information Processing Centers now operating 
in Arizona. Site surveys are proceeding in seven 
other key cities for additional processing centers. 
Ten new computer sales offices will be added to six- 
teen now open (General Electric presently operates 
offices in 350 key cities throughout the U.S.). 
These vast expansions of facilities, manpower and 
actual operating computer systems are the direct 
result of customer confidence in the General Electric 
Company Computer Department and the great 


EXISTING SALES OFFICES San Francisco, California 


expansion of the computer industry as a whole. 

General Electric’s competence in the computer 
field is the product of 40 years’ experience. General 
Electric provides computing and information proc- 
essing systems for business, industry, science, engi- 
neering, education and defense. 

If you are considering the application of a com- 
puter to your firm’s operation, contact the existing 
Computer Department sales office nearest you or 
write directly to: 

General Electric Company + Computer Dept. 

13454 North Black Canyon Highway *« Phoenix, 
Arizona...today! 


Boston, Massachusetts 
Chicago, Illinois 
Cleveland, Ohio 
Dallas, Texas 

Los Angeles, California 
Louisville, Kentucky 
New York, New York 


Schenectady, New York 
Seattle, Washington 

St. Louis, Missouri 
Syracuse, New York 
Washington, D.C. 


NEW SALES OFFICES 


Denver, Colorado Boston 
Detroit, Michigan Chicago 
Kansas City, Missouri Cleveland 
Minneapolis, Minnesota Dallas 

New Orleans, Louisiana Minneapolis 


Pittsburgh, Pennsylvania 
Richmond, Virginia 


New York City 
San Francisco Bay Area 
Seattle 


Philadelphia, Pennsylvania 
Phoenix, Arizona 
Pittsfield, Massachusetts 


Atlanta, Georgia 
Cincinnati, Ohio 
Columbus, Ohio 


NEW INFORMATION 
PROCESSING CENTERS 


Atlanta 


Philadelphia 
Washington, D.C. 


General Electric— Pioneer in computer systems for all phases of business, industrial, scientific, engineering and financial endeavor. 


Nation's first MICR* Information Processing 
Center... with GE 210 computer system. 


manufacturing facilities. 


*Magnetic Ink Character Recognition 


A 


GENERAL‘ 


General Electric computers on test in modern 


GE 312 control computer now operating in various 
industrial applications. 


Progress /s Our Most Important Product 


ELECTRIC 


(10-60) 
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Hurope’s new 
Industry: threat 
or promise? 


A. EX-GI RETURNING TO EUROPE after 15 years 
has to rediscover this continent anew. The changes 
he observes are not limited to the absence or abun- 
dance of food. They are much more profound, and 
in many respects amount to acceptance of a new 
way of life by millions of Europeans. Gone are the 
shortages of power, shortages of necessities, absence 
of luxuries. Economics of plenty are establishing 
themselves throughout Western Europe, resting 
solidly on the growing purchasing power of the 
populations. 

Shortages are gone, but gone with them is the 
uncritical acceptance of American superiority in 
industrial achievement, born out of years of hard- 
ship, physical vulnerability, and widespread de- 
struction. That now-defunct belief perhaps was 
cherished by Europeans as a vision of their material 
aspirations. Few among them would admit to that; 
yet many, if not all, worked hard to destroy it. 

That Europeans have succeeded in their task is 
beyond doubt. Western Europe today hums with 
activity, jams its traffic, pollutes and polices the 
pollution of its air, consumes luxuries, and con- 
structs dwellings all at rates comparable to the 
United States. Heavy industries enjoy unprece- 
dented backlogs of orders. The only significant 
shortage is of manpower. 


The sorcerer’s apprentice 


Western Europe is proud of its achievements, 
conscious of its economic power, but somewhat puz- 
‘zled by it. Europe is in a quandary as to the next 
step—aware of world-wide economic and political 
implications of its every move. Yet it is virtually 
certain, should its economy continue growing at 
the present rate and barring short-term fluctua- 
tions, that it will pose an increasing threat to the 
United States economy: in a way, a modern version 
of the sorcerer’s apprentice. 

For the sake of a complete picture, remember 
that Europe is not embarking on new paths. Rather 
it is rediscovering them, restating old claims. These 
claims are based on nothing less than virtual dom- 
ination of the world economy prior to WW II. 


by A. M. Schwieger, manager of European technical observation, Armour Research Foundation 


The forties and fifties made us forget that the 
quality of English and German industrial equip- 
ment used to be a byword, that the German chemi- 
cal industry was to the world what American in- 
dustry is now, that Europe’s economy before the 
last war was as articulate as ours by the standards 
of the day. 

One of our greatest achievements, mastery of 
nuclear forces, was based on fundamental concepts 
devised by Italian, German, Hungarian, and Danish 
brains, not to mention perhaps equal contributions 
of many other nationalities. While it is certain that 
applied research in a modern sense, mass industrial- 
ization, and industrial rationalization by resorting 
to well-systematized concepts are American inven- 
tions, few would question that lone-wolf research 
was born and thrived first in Europe, the pay-off 
being pre-war European industrial might. 

The chemical industry, because it played a fun- 
damental role in 20th-century progress, constitutes 
the most telling example of the varying fortunes of 
Europe. To better understand the question, let us 
travel a bit back in time. 


An advantage of chronic shortage 


Shortages of raw materials, which became signi- 
ficant at the end of the last century, acted then as 
powerful stimuli to development of substitutes and 
of intermediates necessary for their manufacture. 
Dyes, which up to the second part of the 19th cen- 
tury were imported exclusively from distant coun- 
tries, were synthesized for the first time. 

Dye manufacture (of indigo and alizarin) re- 
quired chlorine, ethylene, and phthalic and sulfuric 
acids. Consequently, in the beginning of our cen- 
tury, intensive activities lead to development and 
semi-industrialization of such techniques as elec- 
trolysis of salt, liquefaction of chlorine, dehydration 
of alcohol, and catalytic oxidation of naphthalene 
and of sulfur dioxide. The approaching World War 
I and resulting demand for materials used in ex- 
plosives manufacture promoted immediate interest 
in, and led to, development of the synthesis of 
ammonia. 

Problems related to industrialization of ammonia 
processes were enormous. Corrosion, structural is- 
sues involved in high-pressure operations up to 
3,000 psi (in the absence of quality steels), and 
lack of experience in heat transfer all had to be 
coped with rapidly. Concepts now dear t6 the chem- 
ical engineer—unit operations, applied thermody- 
namics, kinetics—were to emerge out of this period. 

In a certain sense, the first 15 years of this cen- 
tury meant to Europe what the forties meant to the 
United States. Industries then grew capable of 
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major technological achievements, relying on the 
ingenuity of individual researchers and on the ex- 
ceptional abilities of a few who could project labo- 
ratory curiosities to industrial operations. 


Emancipation from scale-up techniques 


These years also brought a realization that to 
reach maturity the chemical industry needed large 
concentrations of new methods—an emancipation 
from techniques of scale-up, where laboratory-size 
test tubes expanded full-scale merely to test tubes 
in the form of large-batch containers. 

The twenties saw the creation of the Il. G. Farben 
and French cartels as some of the examples of the 
newer concentrations of industrial might. (The 
scale-up revolution lasted much longer, and only 
now is nearing its well-deserved end. ) 

The new industrial giants quickly faced addi- 
tional problems. Emergence of the automobile as a 
popular means of transportation and the growing 
demand for petroleum and its products were be- 
coming painful realities to some European coun- 
tries lacking natural resources or foreign exchange 
for purchasing abroad. 

Shortages of raw materials at the same time lead 
to further development of chemical technology in 
the form of plastics and synthetic fuels. In the 
latter case, hydrogenation of coal seemed to be the 
answer. Based partly on the experiences of ammon- 
ia synthesis, this method of manufacturing fuels 
gained extreme importance for Germany during 
WW II, when 3.5-million tons of synthetic fuel 
came annually from this source. 


World leaders at the approach of war 


WW II saw the European chemical industry 
leading the world. A comparison of chemical exports 
from 1935 to 1938 shows that U.S. efforts amounted 
to little more than those of England taken alone. 
As an example, U.S. fertilizer exports of this period 
were matched rather easily by France. It is impor 
tant to remember that in neither instance did the 
export figures exceed 20% of respective European 
totals. 

While it is difficult to establish actual destina- 
tions of commodities exported in that period, prob- 
ably only about a third of them left Europe. Mak- 
ing allowance for the somewhat integrated nature 
of the European economy and for a similar situa- 
tion on the North American continent (U. S. ex- 
ports to Canada corresponded to 15% of the total), 
it may be concluded that Europe’s overseas exports 
in that period were roughly twice as large as the 
overseas exports of the United States. 

The first years of war meant accelerated produc- 
tion throughout Western Europe. But by 1943 the 
intensity of the air attacks became a major factor 
diminishing industrial production, and about a 
year later the industrial effort of Western Europe 


was reduced to insignificant proportions. 

Few if any direct data are available to cast ade- 
quate light on that period. An indirect example of 
prevailing conditions is offered by the specific 
figures related to production of detergents. Deter- 
gents appeared on world markets shortly before 
the war. Their importance to war economy may be 
judged from the fact that annual production was 
raised in Germany between 1939 and 1943 from 
4,000 to 80,000 tons. In 1947 only 3,000 tons were 
produced in Germany, attesting to the thorough- 
ness of destruction both of primary producing facil- 
ities and, conceivably, of raw-material sources. 


PRODUCTION OF DETERGENTS (TONS) 


4 144 104; 145] 1955 1960 


1000 85.000 ,000 22 OOO 19.000 196.000 


1500 OOO 7000 2OL OOO 447 


9 O00 50.000 1LO0_000 314.000 470.000 691 OOF 


Similar indications regarding slowdown of in- 
dustrial production are given by the index of Ger- 
man production and by overall French and German 
figures. Based on German production of 1936 taken 
as 100, the index climbed during the war to an es- 
timated peak value of 220; it was reported to 
amount to 63 in 1948. Inspection of data related 
to production of chemicals in France and Germany 
confirms that considerable time had to pass after 
the war before the various economies could recover 
fully. 


(continued after photographs) 


BRITISH TESTING of auto “tyres” 
and wheels goes on in the extensive 
laboratories of Dunlop Rubber Co. Ltd 
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COBALT-60 SAMPLES (above) are used at the Thornton Centre, Cheshire, England, 

b to study effects of gamma rays on hydrocarbon oils. The research 
is being done to develop lubricants for atomic-power projects 
that can withstand action of high-energy nuclear particles and rays. 
At left, new types of belting fabrics are under research at Dunlop Rubber Co. Ltd. 


WEST GERMAN REFINERY (below) to be completed this year by BP Benzin und 
Petroleum Co. at Dinslaken will decrease German petroleum imports measurably. 
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Unlimited demand, a hidden blessing 


The end of the war left Europe not only the task 
of reconstructing destroyed industries, but also of 
transforming its war economy into peacetime stan- 
dards. These tasks were complicated by a shortage 
of practically all commodities—a hardship that 
carried within it a hidden blessing in the form of 
seemingly unlimited demand. 

The gradual increase of tensions between East 
and West, after virtually dividing Europe into two 
parts, rendered it mandatory for the U.S. to shore 
up the economies of the Western segment of 
Europe. The Marshall Plan, suspension of disman- 
tling activities on the territory of Germany, com- 
pulsory and voluntary flows of visitors from the 
Western hemisphere all have injected funds for the 
rebuilding of European industry. 

Since we are dealing with a series of politically 
separate economies, it is necessary to stress that 
despite the gradual unification of objectives the 
overall rate of recovery was by no means uniform. 

Specific local conditions affected respective rates 
of growth. Five years after the war France still was 
engaged in major military activities in the Far East 
which sapped its ability to reconstruct the ravaged 
industry at home. 

Holland, recovering from the serious loss of its 
overseas possessions, faced the prospect of reorgan- 
izing its traditional service-type economy to that 
of increased industrialization. 

But Germany, starting with a relatively clean 
slate, could and did channel all its resources and 
foreign assistance to building modern, progressive 
industrial plants. 

Not all European growth may be ascribed to the 
fever of reconstruction and development. Some of 
it, like the discovery of natural gas deposits in 
France, was the result of extended explorations and 
of good fortune. The abundance of a new source of 
energy, and recovery of sulfur contained in the gas, 
transformed France overnight from a traditional 
sulfur importer to a large sulfur exporter. 

Similar occurrences throughout Europe, together 
with the growing abundance of capital, large-scale 
investments, and rapid programs of reconstruction, 
were broadening the purchasing power of the people. 
After satisfying their basic demands for food, hous- 
ing, and clothing, Europeans saw their aspirations 
mount and their standards of living increase. 


IF YOU CAN’T BEAT ’EM, JOIN 'EM 


The trend is unmistakable. For the first time since 
World War Il, and reversing the prevailing pattern of 
this century, Western Europe is selling about as much 
to the U.S. as it is buying. 

The U.S. export boom is giving a shot in the arm 
to basic European industries such as stee! and auto- 
mobiles, and has a direct bearing on our gold reserve 
problems, with European hoarding of gold anci dollars 
now almost double what it was in 1957. 

While U.S. government aid started the cycle, Amer- 
ican business which has everything cumulatively to 
lose is itself an ironic major supporter of foreign com- 
petition. Ford Motor Co.’s German subsidiary at Co- 
logne reports its exports to the States jumped from 
about 3,000 cars in 1958 to almost 7,000 in 1960. 
In France, the 25% Chrysler-owned Simca auto firm 
shoved its U.S. shipments from 25,000 to about 
60,000 for the same period. 

Most other U.S. companies having subsidiaries 
across the Atlantic are increasing their exports to this 
country, though most are reluctant to discuss it. 
Remington Rand’s shipments of portable typewriters 
from Holland, International Harvester’s tractors from 
England, 18M’s office equipment from its French plant 
are but a few of hundreds of examples of U.S. com- 
panies competing with themselves. | 

Our point is not that U.S. foreign-based industry is 
doing some dark evil in selling goods in their own 
country, but rather that “foreign competition” is a 
vast complexity. If nothing else, it shows that the 
economic destiny of the United States is inexorably 
interwoven with the economies of other countries — 
a truism that becomes clearer with every passing re- 
search development, production figure, and Volks- 
wagen you pass in the streets of Kansas City. * 


As manager of Armour Research Foundation’s 
European Technical Observation Group 

at The Hague, Netherlands, A. M. Schwieger 
directs the monitoring of technological 
developments in Europe on behalf of American 
industry. Schwieger was educated in Europe 
and in the U.S., holds several degrees 

in chemical engineering and chemistry 

from universities of both continents 

As his job demands, he is fluent 

in French, German, and several Slavic languages. 
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Consumer industries notice the consumer 


A subtle change then became apparent in the 
economy of Western Europe. For the first time the 
consumer-goods industries began to notice the con- 
sumer. Market-research studies and consumer-ac- 
ceptance tests started making in-roads. Applied re- 
search designed to adapt products to the desires of 
public ceased to be looked down upon and was gain- 
ing converts. More than anything else, recognition 
of the consumer contributed to “Americanization” 
of the European way of thinking, and of growing. 

Real growth, of course, was not possible with 
small political-market units. A definitive stimulus 
was afforded industry early in 1959 by creation of 
the two large marketing areas in Europe committed 
to reducing and eventual abolishing of internal 
customs and to setting up of common protective 
barriers. 

Since the population of the European Economic 
Community, one of the two areas, is roughly 170- 
million, and since the “Outer-Seven” area counts a 
population of about 80-million with a distinct pos- 
sibility for further expansion, it is obvious that the 
exceptionally large market which has been char- 
acteristic only of the American economy ceases to 
be unique within the areas of free economy. 

It may be assumed that all advantages normally 
derived from such a large concentration of poten- 
tial customers will be operative in Europe in the 
immediate future. That the common-market idea is 
rapidly gaining acceptance is obvious from the fact 
that the original schedule for abolishing internal 
tariffs between member countries already has been 
accelerated. This extraordinary step was taken only 
a year and a half after bringing the common market 
into existence! 

Recent, partially common-market-caused pro- 
gress in industrial growth is shown by chemical- 
production figures for West Germany. While in 1954 
the combined chemical production of that country 
was six and a half times smaller than the corre- 
sponding U.S. effort, the figures for 1960 show this 
ratio reduced about five. All that while, the value 
of U.S. chemical production climbed from $19- 
billion to slightly less than $26-billion. 

It is noteworthy that while Germany reduced 
the production gap by roughly 20%, the Soviet 
Union in this same period reduced the ratio of 
its chemical production to that of the U.S., from 
2.76 to 2.52, or by about 9%. 


N BETWEEN [1954 AND 1460 


Current per-capita gross national product in the 
U.S. amounts to about $2,800. The corresponding 
figure for Western Europe is about $1,000. To as- 
sess the comparison between the two figures realis- 
tically, an allowance must be made for the some- 
what lower cost of living in Europe. A reasonable 
comparison of gross national products would in- 
dicate that Europe produces goods and services at 
about half the U.S. rate. 

Despite that, a considerable proportion of Eu- 
ropean goods find their way to export. Inspection 
of the overall chemical export figures for 1959 shows 
that in that year, for the first time since the thir- 
ties, Europe’s overseas exports exceeded those of 
the U.S. 


EXPORTS OF CHEMICALS IN 1959 


fini oO! of U.S. dollars) 


Growing competition 


Having expanded at a prodigious rate, it may be 
assumed that the European industry will have to 
slow down to consolidate its position. It is certain 
however that its new role cannot remain without 
dangers to the U.S. economy. 

The European labor cost and salary structure 
constitutes a major long-range advantage. While it 
is estimated that the cost of research in Europe 
varies from 60 to 75% of the U.S. figures, it is 
doubtful if costs of development are effectively 
lower than in the States. 

However, with growing standardization and 
abundance of local equipment, it may be assumed 
that development costs should head downwards in 
the future. The same generalization holds true for 
capital investments and operating costs exclusive of 
labor. While labor in Europe is just as eager for 
financial advancement as its U.S. counterpart, the 
gap between the two probably will remain appre- 
ciable for a long time. 

In the past, the European industrialist tradition- 
ally expected high returns on investment, thus off- 
setting advantages of lower labor costs. Today that 
philosophy slowly is being replaced by the belief 
that lowered margins and increased production 
have much more to offer. 

Strong motivation to improve productivity, re- 
sorting to increasing amounts of automation, also 
will be instrumental in making European goods 
more attractive. Depending upon how fast the con- 
tinent expands, in the not too distant future we well 
might become concerned with the problem of co- 
existence with Western Europe. * 
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by T. F. Olt, vice-president, research and technology, Armco Steel Corp. 


the contest 
in steel 


' W.. MIGHT LOGICALLY ASK why most of the new 
steelmaking processes have been developed in for- 
eign countries. 

The answer to this is largely due to the fact that 
production units can be relatively small in foreign 


countries without severe penalties in added labor 
* cost, whereas in the U.S. the high labor cost asso- 
‘ ciated with small-scale production precludes the 
effective utilization of such equipment, and con- 
sequently new process development is much more 
speculative. 
. Raw materials and labor represent a high propor- KB 


tion of the cost of manufacture. It is difficult to 
make a good comparison of raw material costs, but 


labor rates can be compared quite simply. Average 
hourly steelworker earnings in the U.S. are more 
than $3. In Western Europe and Russia hourly 
earnings are less than $1, and in Japan less than 
50 cents. 


Are we pricing ourselves out of the market? 
With foreign labor costing only one-third to one- 
seventh as much as in the United States, it is ra- 


il 


ther evident that competition on a purely price 


basis is not easy. U.S. industrialists are finding this ; 
particularly true in certain products being sold 


next to their domestic plant locations at prices ap- 


proximating their own bare manufacturing costs. 
Such competition has forced us to expand our 


research effort in studies directed towards the re- 
duction in manpower utilization in the manufactur- 
ing operations (increased productivity) and also in 
projects designed to result in decreased investment 
cost per ton of product output. 


' 

Another phase receiving a great deal of attention \ 
in research is in the development of more sophis- 
ticated products designed to effect savings for our 
customers. When such products are patentable, they 
also serve as a basis for a licensing program and 
securing at least some income when used in foreign 


countries. 

U.S. national policy has been to encourage for- : 

oe eign trade. Tariffs on steel products have been so ta 


nominal that even a 100% increase would not ma- 
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THE SOUND OF EUROPE’S STEEL INDUSTRY once again is heard throughout the world—especially 

in Pittsburgh—as more and more foreign plants are being built. The advent of tonnage oxygen, 

a German development, has led numerous European nations to investigate steelmaking 

based on oxygen injection for refining. Air-pollution prevention, modern equipment, 

and higher wages are being introduced American style. At the same time, however, 

foreign industrial labor still costs only one-third to one-seventh 

as much as in the United States, and competition on a purely price basis 

is virtually impossible. Author Olt suggests American industry can compete nou 

only through technical projects aimed at decreasing investment costs per ton of product output, 
devising entirely new types of steel, and by finding new applications and markets. 
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terially affect our merchandizing problems result- 
ing from rising imports of steel products such as 
reinforcing bars, farm fence, barbed wire, nails, and 
fasteners. 

To make steel, it is first necessary to get iron. 
Between 50 and 55% of the iron units required for 
steelmaking are obtained by smelting iron ore with 
coke in a blast furnace which produces “hot metal,” 
a molten iron saturated with carbon. This is 
charged into a steelmaking furnace along with scrap 
and fluxes, and refined by selective oxidation and 
desulfurization to a desired chemical composition. 
Only 23 of the 82 steel ingot producers operate 
blast furnaces to supply their own “hot metal.” 


Materials handling: huge job in steelmaking 

More than two and a half tons of raw materials 
are required to make one ton of ingot steel. The 
diagram at right gives a rough breakdown of these 
raw materials. When two and a half is multiplied 
hy 147.6-million (the U.S. steelmaking capacity), 
the magnitude of the ore-transportation and han- 
dling task may be appreciated. And this does not 
include the aif and water used, which amount to 
2.1 and 80 tons respectively for each ingot ton. 

Most of the basic steelmaking processes employ 
pig iron, or “hot metal,” as the major source of 
iron to be converted into steel. The coke blast 
furnace for ironmaking has been highly developed 
over a great many years and considerable numbers 
of improvements have been incorporated in opera- 
ting procedures. 

Recent improvements in raw materials have been 
in beneficiation. In the case of ore this means the 
increase in the iron-to-silica ratio; in the case of 
coal, the removal of slate and other objectionable 
components. 

The form of the raw material also has been 
improved by sizing and agglomerating the fines. 
Agglomeration might be by sintering or by pelletiz- 
ing. Either procedure provides a charge in the blast 
furnace which can be blown harder resulting in in- 
creased production. 

Another operating procedure that has resulted in 
increased production is the use of high top pressure, 
which allows more wind to be blown without in- 
creasing the velocity of the gas through the charge. 
Another is the use of steam for combustion of coke 
in conjunction with oxygen enrichment, or the use 
of additional blast temperature to maintain thermal 
balance. 

One possibility receiving major attention involves 
the use of coke-oven, or natural-gas injection, in 
conjunction with either oxygen enrichment or addi- 
tional blast heat. Such a procedure not only would 
increase the driving rate but also would decrease 
the quantity of coke needed. 

Various nationalities have participated in these 
developments in ironmaking. In general the moti- 
vation for beneficiation and agglomeration of ores 


MATERIALS TO MAKE A TON OF INGOT STEEL 


About 214% tons of raw materials 
are required to make 
one ton of ingot steel: 


FERRO ALLOYS 


LIMESTONE 


PIG IRON® 3,990 LBS. 


 *About 1,215 lbs. 
of pig iron are needed 
for each ton of steel. 
Producing this 
j iron requires: 


IRON ORE 1,950 LBS. 
COAL 1480 LBS. 
LIMES TONE 370 LBS. 
SCRAP, ETC. 190 LBS. 


total 3,990 LBS. 


5,290 LBS. RAW MATERIALS 


OF INGOT STEEl 


q 


2,000 LBS 0 


initially took place to a considerable extent in 
Europe. Poorer and more expensive raw materials 
forced research in these areas, particularly by the 
Germans and Russians, although the problems are 
general to most continental ores. 

U.S. industry has benefited materially from these 
researches and also has expanded the fields of ap- 
plication. greatly. Agglomeration by pelletizing for 
producing blast furnace feed was developed at the 
University of Minnesota Mines Experiment Station 
in conjunction with recovery of iron from magnetic 
taconite rock. The concentrate from the taconite 
rock was so fine (80%—325 mesh) that it could 
not be sintered economically on existing equipment. 
Interest in pelletizing now is expanding in Europe. 
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World steel capacity unprecedented 


Both the highly industrialized countries and 
those bent on achieving industrial maturity have 
been building new steel capacity at a rate historic- 
ally unprecedented. World steel production has 
more than doubled in the postwar period, rising 
from 150-million in 1947 to an annual rate of about 
375-million net tons today. 

During this interval, output in the United States, 
the world’s largest single producer, has increased 
by about only one-third, whereas increases in other 
countries and especially in the USSR have been 
much more rapid. The diagram below shows the 
change in world and U.S. steel ingot production. 

The steel industry often has been criticized as 
being slow to adopt new ideas, particularly in re- 
gard to manufacturing methods. Some of this criti- 
cism has been political, but it is true that changes 
in iron and steelmaking practices are mostly evolu- 
tionary in character. The reason is that investment 
cost is so high. Furthermore most of the operations 
are so efficient that it is often difficult to justify 


STEEL INGOT PRODUCTION OF WORLD AND U.S. 


major additional capital investment unless corre- 
sponding gains can be attained. Development in 
recent years has improved productivity of existing 
equipment. 


Tonnage oxygen permits new processes 


The Bessemer and open-hearth steelmaking pro- 
cesses orginated in Europe in the latter part of the 
19th century. Early in the 20th century the electric- 
furnace process of steelmaking was invented in 
France and these steelmaking processes have been 
developed very highly since then. 

With the advent of improved cycles for the more 
economic manufacture of tonnage oxygen (a Ger- 
man development), the steel industry now is inves- 
tigating new steelmaking processes based on the 
use of oxygen injection for refining. 

Such new processes, developed in Austria, Swe- 
den, Belgium-Luxemburg, France, England, and 
Germany, all have one thing in common: they em- 
ploy gaseous oxygen for the elimination of metal- 
loids. Some use high-pressure oxygen, others low. 
Some include lime injection in the oxygen stream. 
All result in greatly increased production rates as 
compared to open-hearth and electric-furnace re- 
fining. All are of foreign origin. 

In addition, the Belgians have developed modi- 
fications in Bessemer blowing employing a combina- 
tion of oxygen and steam or oxygen and carbon 
dioxide so proportioned as to produce the same 
thermal effect as when blowing with air. The prod- 
uct quality, however, is improved greatly in that 
nitrogen pickup ordinarily experienced in air blow- 
ing is eliminated. 

Now in the shaping end of the business, the 
situation is just the reverse. Many of the major 
developments in rolling-mill equipment are of U.S. 
origin. Probably one of the best examples of this is 
the wide strip mill for rolling sheets. Many of these 
mills of American design (if not of manufacture) 
have been installed in most European countries as 
well as in Brazil, India, Australia, South Africa, 
Japan, and the USSR. 

There has not been as much motivation for equip- 
ment development abroad as in the United States— 
again because other nations are not penalized so 
severely by high labor costs and low productivity 
as we are. Nevertheless, they are quick to adopt our 
improved equipment developments. 


Steel competition, product by product 


The steel industry makes a variety of products 
ranging from needles and pins to rails and H beams. 
The product mix varies from country to country. 
In a country like the U.S. the so-called “light 
steels” are produced in largest quantities, whereas 
in areas like Russia where industry is expanding 
rapidly, heavy steels such as rails, structurals, and 
plates predominate. Light steels are used exten- 
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sively in consumer durables, containers, and other 
areas associated with high living standards. 

It may be noted that our exports are largely in 
sheet and strip, plates, pipe, tubing, and tin-mill 
products. Alternately, imports are largely such 
commodities as reinforcing bars, rods, wire, and 
wire products such as barbed wire, nails, and sta- 
ples. 

Also of interest is the trend in imports and ex 
ports over the last several years shown below. In 
December 1958, the U.S. passed from an exporter 
to an importer on balance. In 1959, U.S. imports 
totaled more than two and a half times the imports 
for 1958. Strike-caused imports of steel-mill prod- 
ucts exceeded exports by more than 190% in 1959! 
This represents a shift of nearly 4-million annual 
tons of steel product, which is equivalent to a loss 
of jobs for 30,000 steel workers. 

The situation for 1960 improved somewhat. By 
the end of August, imports had exceeded exports 
by only about 20%, largely because of increased 
exports of flat-rolled products to satisfy a high 
European demand. 


Process research overseas vs. 
product research here 


While foreign laboratories are very active in iron 
and steelmaking process research, most product 
R & D is done in the U.S. Electrical steel, tinplate, 
and stainless steel originally were created in Eng- 
land and Germany, but most subsequent product 
development in these grades has taken place in the 
United States. 


Possibly this is associated with the competitive 


One of the more internationally minded 
steel executive F. Olt recently 
was named a member of the board 

f governors of the Building Research Inst 
which is sponsored by the National 

Academy of Sciences and the National Research 
Council. A graduate chemical engineer 

from the University of Cincinnati, 1928), 
Olt worked his way up at Armco Steel Corp 
from a metallurgical assistant 
to vice-president of research and technology 
He is currently vice-chairman of the 
general research committee 


if the American Iron and Steel Inst 


nature of research in the U.S. as compared to the 
cooperative method in Europe. While U.S. labora- 
tories freely compete with each other, much of for- 
eign steel-product research is carried out by in- 
dustry organizations such as the British Iron & 
Steel Research Assn., the Institute de Recherches 
de la Siderurgie in France, and Centre National de 
Recherches Metallurgiques in Belgium, the Nether- 
lands, and Luxemburg. These organizations all 
carry out cooperative research available to their 
entire membership. The Mechanobr Research Insti- 
tute of USSR has extensive personnel and facilities 
and serves the largest steel company in the world. 

Corporate, competitive, research effort now is in- 
creasing in Britain and Germany. United Steels and 
August Thyssen have new and impressive facilities. 


Foreign aid equals foreign competition 

The problems that we face in the steel industry 
parallel those being experienced in other industries 
subject to intense foreign price competition. Having 
provided sufficient foreign aid so that our competi- 
tors overseas are well equipped with the most mod- 
ern equipment, we now face equally efficient pro 
ducers with manpower costs considerably below 
ours. 

We already have “costed” ourselves out of the 
foreign markets in most products we manufacture 
and are having increasing difficulty in competing 
with foreign products delivered in our own back- 
yards. 

While Russia is not exporting steel as yet, we 
can point to reports of a recent shipment of 2,400 
tons of pig iron to this country from the Soviet 
Union. Shipped in via the St. Lawrence Seaway to 
Buffalo and Detroit, the Russian pig iron sold for 
$49.25 per ton, compared to the domestic price of 
about $66 a ton. 

Russian production goals for 1959 to 1965 indi- 
cate that there may be much more of this kind of 
competition in steel as well as pig iron. The Soviet 
Union intends to invest more in the construction 
and reconstruction of iron and steel plants over the 
next seven years than in the past 30 years. 

In 1965, production of pig iron will be raised to 
65- to 70-million tons, or 64 to 77% more than in 
1958. 

Russian steel capacity will reach 95-million to 
100-million tons by 1965, according to a recent 
study by our National Planning Assn., based on a 
9% Russian industrial growth rate. If that happens 
the Soviets will possess an export capacity of con- 
siderable economic and political value. 

The contest in steel may become the contest of 
survival. Overcoming our high cost disadvantages 
requires that industry eliminate any needless manu- 
facturing expense or waste. We also need to expand 
our research effort in the direction of economizing 
on investment, reducing manufacturing costs, and 
developing improved products. s 


a REL TRADE IN STEEL MILL PRODUCTS 
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by Robert W. Temple, research analyst, A. D. Little Inc. 


world rise 
of plastics 


i. 1635, susT 15 YEARS after the first Pilgrims 
landed in North America, a business for the manu- 
facture of saltpeter and alum was established in 
Boston. Even with this early start, however, the 
chemical industry drowsed along for some 200 years 
until transportation advances freed its small manu- 
facturers from the limitations of their strictly local 
markets. 

Spotlighting the altered nature of industrial de- 
velopment in modern times is the story of plastics, 
child of the chemical industry and of the 20th cen- 
tury. Only 40 years ago an insignificant portion of 
its parent industry, plastics now shows an annual 
worldwide output of more than 5-million tons to 
support its classification as an industry in its own 
right. 

It is a tribute to modern man’s inventiveness in 
the use of new materials that this industry, which 
struggled through its infancy in the late thirties and 
early forties, in the last 20 years has grown 20 times 
in size and that plastics now have found applica- 
tion in every phase of our economy. 

As the plastics industry has grown, so have indi- 
vidual enterprises throughout the world. The result 
is an industry highly competitive between products 
having similar end uses, between supplying com- 
panies, and between countries seeking a profitable 
trade balance. As the number of plastics and pro- 
ducers continues to increase, the industry can only 
become more competitive internationally. 


Europe and Japan cut U. S. lead 


The United States has dominated world produc- 
tion of plastics since World War II but, increas- 
ingly, its lead has been slipping. In 1952 this coun- 


4 JAPANESE HAND LABOR, shown at the bottom of a cascade 
of ammonium sulphate, is the result of a lack of working 
capital following WW II, rather than lack of technical knowledge 
Japanese scientists and industrial management today 

are regarded as among the world’s finest, as witness 

the nation’s change from importer to exporter of plastics. 
Japan today ranks fourth in plastics sales and consumption. 
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try was responsible for 75% of world production. 
Recently, we have seen a marked increase in pro- 
duction both in Western Europe and Japan. 

The U.S. controlled only about 40% of the world 
market last year as a result of rapid advances 
abroad. Between 1954 and now, the American plas- 
tics industry grew 50% but, during the same time, 
the plastics industries of Germany, England, and 
France increased an average 70%. 

The U.S. still is the largest producer of plastic 
materials, and sells more than 2-million tons annu- 
ally. Its nearest competitor, Germany, sells less 
than a third as much. 

The table at right shows the sales of plastic mate- 
rials for 1957 through 1960 (estimated where nec- 
essary) among the world’s seven leading producers, 
which account for 90% of all production. The exact 
position of Russia and other communist countries 
has not been determined because only sketchy data 
are available. While a 1957 figure on plastics was 
reported by the Russian chemical industry, the 
Soviet definition of “plastic materials” varies sig- 
nificantly from those used in the rest of the world. 

Continued growth in individual countries will be 
dependent upon the ability of producers to create 
new markets for plastics in each country and upon 
their competitiveness abroad. As exporters, the U.S. 
again is the leader. Yet, if our sales to other dollar 
areas (primarily Canada) are excluded, West Ger- 
many becomes the leading exporter. 


Imports: test of self sufficiency 


While export figures are interesting, the imports 
of a country indicate the development of its plastics 
industry and its self sufficiency. 

The U.S. shows a very small amount of plastic 
imports—in recent years less than a half percent 
of production. The biggest plastics importer is Ger- 
many, one of the biggest customers of the U.S. 
German imports form about 10% of its total do- 
mestic consumption. 

England is the second largest importer, with for- 
eign products also constituting more than 10% of 
its home market. Japan and France both had un- 
favorable balances of trade in the past, but with 
current expansion they rapidly are becoming net 


large ST produce r of plastics, bu 


exporters. All other major parts of the world are net 
importers of plastic materials and consume more 
than a half-million tons a year. 

Another measure of growth in the plastics indus- 
try is consumption per person—the net balance of 
imports and exports added to total production and 
divided by population. Per-capita consumption in- 
dicates a relative level of a country’s economy, in- 
dustrial development, and availability of other raw 
materials (steel, aluminum, etc.). 


As shown above, Germany is the leading con- 
sumer of plastics on a per-capita basis. Its con- 
sumption has increased 75% in the last four years 
to nearly 30 pounds per person in 1960. The United 
States, leader in 1956, has had a continual increase 
in per-capita consumption—but at a more modest 


rate—to more than 27 pounds. 
Five plastics equal half of world production 


The relative importance of individual plastics 
varies from country to country. Five of the largest 


MONORAIL CARS, the bodies of which are one of literally 
thousands of applications for plastics, 

are interesting in the context of foreign 

competition because, unlike origin of the automobile, 
all nations are considering monorail systems 

at the same time and development will be parallel. 
Monorails have been the most loudly hailed solution 

to the problems of public transportation in automobile- 
crowded cities, yet only a few me been built. 

Since 1950, six monorail demonstration systems 

have been constructed: two supported lines 

in Cologne, Germany; two suspended lines in Texas 
(of the type shown in the drawing); a supported line 

in Disneyland, modeled after the Cologne lines but with 
slower maximum speeds and poorer riding 
characteristics; and a short suspended line in Tokyo 

as an exhibition at the city zoo. 

A vast number of monorail systems 

have been proposed as economical transportation 

for crowded cities or in mountainous areas. 

Military applications also are suggested 

because of ease of installation, resistance 

to floods, and ease in dismantling. The largest present 
use of monorail principles, however, is in industry— 
for transfer bridges, turntables for heavy 

loads, and scales for weighing. 


plastics account for approximately half the world’s 
production: 

® Polyvinyl chloride, used in floor tile, garden 
hose, electrical wire coatings, and fabrics, is the 
oldest of large-volume thermoplastics and is made 
in almost all industrial nations. U.S. production 
represents 30% of the world total; France has 
planned the greatest increase (more than 40% be- 
tween 1958 and 1961). 

® Polystyrene has continued to show growth be- 
yond expectation in household and packaging appli- 
cations. The largest growth in 1960 in the United 
States, which produces 60% of world output, was 
in refrigerators. Germany is the second largest 
producer. 

® Polyethylene, with applications in packaging, 
pipe coatings, construction sheeting, and many 
household articles, is both the most widely used of 
all plastics and the growth leader in the plastics 
industry. From 100-million pounds produced in the 
U.S. in 1953, sales in 1959 began to exceed a billion 
pounds, or about 63% of worldwide production. 
Top foreign producers are England (developer of 
high-pressure polyethylene), Japan, Germany 
(leader in basic research into low-pressure poly- 
ethylene), and Italy, in that order. 

® Aminoplasts (ureas and melamine resins) , used 
in textile treating and coating, synthetic fibers, 
plastic dishes, paints, and adhesives, grew about 
35% in 1959 due to increased usage of melamines. 
Following the U.S. lead of 187,000 metric tons, is 
Japan with 82,700 tons, and England. 

® Phenolics, for automobile and airplane parts, 
bottle caps, electrical apparatus, and plywood ad- 
hesives, showed relatively little growth until 1959 
when it jumped 30% due to applications in the 
electrical industry. The U.S. produced about 292,- 
000 tons in 1960, followed by Germany, England, 
and Japan. 

In such a dynamic industry, these five plastics 
may form a considerably smaller percentage of pro- 
duction by 1970; newer materials, such as polypro- 
pylene and polycarbonates, could replace current 
leaders in the plastics industry. 


industry of giants and midgets 


In the noncommunist countries, competition ex- 
ists not only between nations but primarily be- 
tween companies. Two major types of enterprises 
are involved in producing end-products from raw 
materials (hydrocarbons and other organic com- 
pounds): the chemical producer, which manufac- 
tures finished and semi-finished chemicals into 
powders, and the fabricator, which transforms these 
materials into goods for consumption. The two 
groups form an industry of giants and midgets. 

The first group consists of a few large companies, 
while the second contains many small concerns. 
Fabricators outnumber chemical producers in all 
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Most basic developments in plastics occurred in Germany, France, 
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producing countries by 10 or more. Chemical pro- 
ducers must make relatively large investments in 
facilities in comparison to fabricators, and this is 
perhaps the most important factor in minimizing 
the number of companies involved. 

Also, because a product may rapidly become 
technologically obsolete, chemical producers must 
have financial resources to spend large sums in a 
short time. Fabricators must convert semifinished 
goods into usable consumer products; without them, 
chemical manufacturers would not have a market. 

In the United States there are more than 200 
chemical producers of plastic materials. Led by 
Du Pont, Union Carbide, Monsanto, and Dow, these 
chemical producers have annual sales of plastic ma- 
terials of approximately $1.5-billion. The fabrica- 
tors, numbering in excess of 5,000, have total sales 
of twice that. 

Abroad, the production of plastics is more con- 
centrated. In Germany, four companies account for 
more than half of production. England has one 
major and several smaller concerns accounting for 
the bulk of its production, and the same holds true 
for Italy. France and Japan have a larger number 
of concerns leading their efforts. 


1. G. Farben offshoots in Germany 


In Germany, splinter groups emerging from the 
[. G. Farben complex comprise most of the plastic 
producers. Farbenfabriken Bayer AG is Germany’s 
largest manufacturer of plastics and supplies 20% 
of the market. It is the country’s only manufacturer 
of cellulose plastics. 

Other profitable plastic lines are the newly devel- 
oped polyurethanes and polyisocyanates. Through 
subsidiaries, the company controls the sales of a 
large number of derivatives of ethylene, propylene, 
butylene, and butadiene. 

Badische-Anilin-und-Soda-Fabrik AG (BASF) is 
the largest German producer of polyethylene. With 


current expansion it will have a capacity of 100,000 
tons per year of high-pressure polyethylene and 
12,000 tons of low-pressure polyethylene. BASF is 
the largest marketer of lacquer resins in Germany, 
and is active especially in polyesters and plastic 
dispersions. 

Farwerke Hoechst AG controls its own petroleum 
cracking facilities, which supply essential raw ma- 
terials, and has an olefin capacity of 70,000 tons per 
year. Hoechst was the first large-scale producer of 
low-pressure polyethylene and has been active with 
polyvinyl acetate, polyvinyl chloride, and poly- 
esters. 

Chemische Werke Huels is the 50% owner of a 
large synthetic rubber venture, including styrene 
and butadiene production. It has the greatest ca- 
pacity for polyvinyl chloride in Germany, has facili- 
ties for polyethylene, and is going into the manu- 
facture of polypropylene and co-polymers. 


Growing subsidiaries in France 


In France, the large number of subsidiaries and 
affiliated concerns make direct analysis more diffi- 
cult, particularly since there has been a growing 
tendency for the larger companies to invest in newer 
developments through these minority-owned firms. 
This, however, has been helpful to France in mini- 
mizing working capital requirements and creating 
economicai plant sizes. 

Pechiney is France’s largest producer of poly- 
vinyl chloride and accounts for almost a third of 
the total tonnage. It represents 10% of the poly- 
vinyl acetate production (which totals about 13,000 
tons for the whole industry). The concern accounts 
for 35% of the polystyrene tonnage. Pechiney’s 
share of the polyester market is relatively minor 
(about 5%). 

Pechiney shares in the sale of polyolefins through 
its interests in three different subsidiaries. The first 
has production facilities of 5,000 tons per year of 
low-pressure polyethylene, and the other two have 
high-pressure polyethylene capacities in excess of 
30,000 tons per year. 

Rhone-Poulenc was a founder of the cellulosic 
plastics in France and is the largest in the field, with 
annual production of 8,400 tons. It also is the 
largest producer of polyvinyl acetate and accounts 
for about half of the country’s capacity of 14,000 
tons. The company makes 90% of the nylon plastics 
in France. 

Other areas of activity include an approximate 
15% share of the polyvinyl chloride market and a 
smaller share of polyesters. Silicones have been a 
major effort of Rhone-Poulenc, which is a licensee 
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and England; U.S. effort began with Baekeland’s work on phenols. 


of General Electric Co. in this area and accounts for 
half of the French market. 

Saint Gobain, France’s largest glass maker, also 
is a leader in the production of plastics. The com- 
pany has the largest share of the $12-million glass- 
fiber market and makes a quarter of the total 8,000 
tons of polyester produced annually. Saint Gobain 
has about this same percentage of the vinyl pro- 
duction. In addition, the company produces poly- 
vinyl acetate, silicones, and fluorocarbon resins; 
through affiliates, it has interests in melamine and 
epoxy resins. 

Kuhlmann accounts for another quarter of 
France’s polyester resin production and has an ac- 
tive interest in polyvinyl chloride and polyethylene 
through its many affiliated companies. Air Liquid 
is in a similar position. 

French chemical producers have at least 17 affili- 
ates currently active in the manufacture of plastic 
material. The affiliates have been estimated to pro- 
duce as much as $70-million worth of plastics out 
of a total of $210-million. 


Britain’s Imperial Chemical Industries 


In England, the largest plastics producer—and 
by far the largest chemical enterprise—is Imperial 
Chemical Industries Ltd. One of the original pro- 
ducers of polyethylene some 20 years ago, ICI now 
has production facilities for almost 100,000 tons and 
still is expanding. It makes two-thirds of the coun- 
try’s total polyvinyl-chloride production and is the 
only large producer of polyesters; current annual 
capacity of 22,000 tons soon will be increased to 
more than 27,000 tons. ICI is a major producer of 
methacrylate, polystyrene, polytetrafluoroethylene, 
and other important plastics. 

Shell Chemical Co. Ltd., which produces low- 
pressure polyethylene, polystyrene, phenolics, and 
epoxy resins, and The Distillers Co. Ltd., which pro- 
duces polyvinyl chloride, polyethylene, phenolics, 
and vinyl alcohols, are the next largest in the plas- 
tics field. 

English subsidiaries of Union Carbide and Mon- 
santo are particularly important in polyolefins. 
They also supply a significant portion of the poly- 
vinyl chloride, polystyrene, and phenolic plastic 
markets. 

Montecatini Soc. Gen. has a position in Italy 
similar to that of ICI in England. Montecatini is 
responsible for about 60% of the country’s total 
production of plastics, is in every major product 
line, and is a leading developer of the newer poly- 
olefins. Montecatini’s annual production of the 
polyolefins includes 5,000 tons of low-pressure poly- 


ethylene, 15,000 tons of high-pressure polyethylene, 
20,000 tons of polypropylene (for which the com- 
pany owns many of the basic patents), and 5,000 
tons of polybutylene. Montecatini also produces 
phenolics, polyesters, polyvinyl chloride, and urea 
formaldehyde plastics. 

The second largest Italian concern is Societa 
Edison, an electric utility which has diversified into 
chemicals. Either directly or through joint ventures 
with American companies, Edison produces poly- 
ethylene, polyvinyl chloride, polystyrene, acrylo- 
nitrile, and a number of plasticizers. Ozienda Nazi- 
onale Idrogenazine Combustibile (ANIC), the gov- 
ernment-controlled chemical producer, is the third 
largest in polyolefins and vinyl chloride. 


Japan’s big three 


Japan, like France, suffered from a lack of work- 
ing capital following WW II, and, like Germany, it 
went through a vast decartelization. The chemical 
companies that emerged have been forced to form 
affiliations with other companies and to obtain ad- 
ditional funds from the government and techno- 
logical assistance from abroad. While there are 
many companies producing plastics, sales of indi- 
vidual concerns are difficult to determine. “Trading 
companies” act as middlemen between most manu- 
facturers and ultimate customers. 

The three apparent leaders in Japan are: 

® Mitsubishi Chemical Co., with 8,000 tons of 
annual polystyrene capacity and 11,000 tons of 
polyethylene capacity. It has entered into a joint 
venture with Monsanto to make 12,000 tons of sty- 
rene resin products, 2,400 tons of polyvinyl chloride, 
and a significant portion of the country’s silicon 
production. 

# Sumitomo Chemical Co., with 11,000 tons of 
low-pressure polyethylene capacity, 13,000 tons of 
high-pressure polyethylene capacity, and a smaller 
capacity for polyvinyl chloride. 

® Mitsui Petrochemical Co. Ltd., which has a 
capacity for 11,000 tons of polyethylene, 10,000 
tons of polyvinyl chloride, and 6,000 tons of phe- 
nolics. 

Others, such as Japanese Geon (22,000-ton an- 
nual capacity in polyvinyl chloride), Toya Koatsu 
(leading producer of urea resins), and Showa Yuka 
and Furukawa (11,000 tons per year of polyethy- 
lene capacity each) are important in particular 
segments of plastic production. 


The technology behind foreign growth 


Past and future growth of foreign companies is 
partially based on their technological abilities and 
research facilities. The large growth of American 
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companies was due in part to U.S. technical ad- 
vances during WW II, and to the freedom from war 
damage sustained by other leading countries. 

The technology behind the growth of plastics can 
be broken down among: basic research into various 
polymers; process R&D for producing large quanti- 
ties of the material: applications research to deter- 
mine end uses of the plastic; and market research to 
tell how much can be sold and for what price. 

Most basic developments in plastics have oc- 
curred in Europe. Polymers of styrene, cellulose 
acetate, vinyl chloride, and melamine were discov- 
ered in Germany a century ago. The French de- 
veloped nitro cellulose at that time, and, more re- 
cently, rilson (a castor-oil based polyamide). 

The English were innovators of high-pressure 
polyethylene and the polyesters. Recent advances 
by Germans include high-density, low-pressure poly- 
ethylene, polyurethanes, and polycarbonates. Ital- 
ians were responsible for fundamental work in poly- 
propylene and isostatic polymers. 

Major developments in the U.S. started with Leo 
Baekeland’s work with phenol-formaldehyde resins. 
In the last 30 years, U.S. basic research has pro- 
duced the fluorinated plastics, silicone resins and 
plastics, and vinylidene chloride. Among the most 
promising new U.S. plastics is delrin (E. I. duPont), 
which is an acetal resin. 

European versus American research 

Although Europeans discovered most of the ton 
nage plastics, the U.S. has become the world’s 
largest producer of plastics and the largest exporter 
of materials and technology. Continued American 
leadership is based on process technology plus 
highly developed applications and market research. 

Research in America is expensive, according to 
several observers including Dr. A. T. Knoppers, 
president of Merck’s international division. Re- 
search in Europe often is limited more to a certain 
specific area, thus is deeper and more creative. 
Others have observed that American applied- 
research techniques often can be combined profit- 
ably with the more fundamental and specific work 
of European scientists, thus making possible a high 
degree of cooperation. 

Certainly, foreign firms realize that research, 
hasic and applied, is vital to success. Europeans and 
Japanese have followed America’s lead since 1950 
in devoting from 4 to 5% of sales for research (ex- 
cluding technical services, which are given on a 
limited scale only, and market research, which is 
only beginning). 

For instance, in 1959 Japanese industrialists in- 
vested some $111-million in research, more than 
half of which went into chemical and electrical 
projects. This is more than double the research out- 
lay they made in 1954. 

One example is Toyo Rayon, which spent some 
$3-million in 1959 and close to $6-million in 1960, 


mostly on complex research in synthetic fibers and 
plastics. In 1954 the same company’s development 
spending totaled only $700,000. 

Toyo Rayon’s 1,550 scientists and laboratory 
technicians (triple the number employed by the 
firm in 1954) have come up with two new fibers: 
pylen and toraylene, now in pilot-plant production. 
In the company’s radiation laboratory, experiments 
are being conducted with graft polymerization (a 
process in which polyester fibers are subjected to 
gamma rays) in hopes of making the fibers wear 
better and resist water and grease more effectively. 

(One problem in Japanese research is maintain- 
ing a continuing supply of scientists with graduate 
degrees, since industry has not yet furnished a real 
pay scale incentive. Starting salary for a PhD is 
only $5 a week higher than that of a four-year 
graduate.) 


Foreign operations of U. S. firms 


The growing market and competition abroad has 
led many major producers in the U.S. to open for- 
eign operations. Such producers thus hedge against 
the loss of their own export business and offer an 
opportunity for more complete utilization of their 
own R&D programs. 

Many U.S. firms, under licensing agreements, are 
marketing products developed abroad. For example: 

® The polyolefin developments of the noted Ger- 
man and Italian scientists Ziegler and Natta are 
being commercialized by most U.S. plastics firms. 

® Air Reduction Co. Inc. of New York has se- 
cured patent rights for vinylon plastic manufacture 
from the Japanese company, Kurashiki Rayon. 

e W. R. Grace & Co.’s polymer chemicals divi- 
sion is working with a Swiss machine to make 
plastic container bottles from flat plastic sheets. 
According to Wolfgang A. Mack, the division’s 
European research manager, this machine “does the 
job about 50% faster than current machines used 
for blowing plastics into bottle shapes.” 

® U.S. Rubber Co. will bring out a polyvinyl 
chloride conveyor belt for food processing opera- 
tions that first was developed by England’s National 
Coal Board as a fire-resistant belting for coal-mine 
use. 

# A new synthetic resin, supposedly lighter than 
aluminum and stronger than steel, has been de- 
veloped by a professor at Kyoto University, Japan. 
According to the professor, DuPont is negotiating 
for production rights. 

Such sharing of foreign developments is, of 
course, highly beneficial to American industry. Yet, 
it supplies only a fraction of the answer to mainte- 
nance of U.S. supremacy in plastics. U.S. technol- 
ogy and economy have paced world plastics for 25 
years, but foreign operations are growing at an un- 
precedented rate. Whether the United States can 
continue its leadership remains to be seen. . 
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A “CLEVER-IMITATORS” reputation, so frequently 
tacked onto Japanese industrialists by their Ameri- 
can counterparts, has been contradicted by Japan’s 
technical advances in electronics during the last few 
years. 

Original contributions in computers and in such 
fields as microwave systems, power-line carrier sys- 
tems, and electron microscopes have earned inter- 
national respect for Japanese R & D, and have con- 
tributed to the nation’s phenomenal ninefold elec- 
tronics growth, from 1955 to 1960, to an annual 
volume of $1.2-billion. 

Results of Japan’s current emphasis on research 
can be illustrated by the fact that two of the most 
recent and promising developments in computers— 
tunnel diodes and parametrons—have come from 
Japanese scientists. 


Esaki’s tunnel diode 


The tunnel diode, discovered just three years ago 
by Dr. Leo Esaki of Japan’s Sony Corp., has become 
increasingly important as a potentially key device 
for solving major problems of computer develop- 
ment: boosting speed of calculation for industrial 
and business computers and reducing power and 
weight for aero-space applications. 

Consisting of a p-n junction, the tunnel diode has 
an extremely narrow junction (about 100 ang- 
stroms). It originally was formed of highly doped 
(a relatively high amount of a controlled impurity) 
germanium. Later silicon was used. 

Application of the tunnel diode to computers is 
being studied extensively because of the diode’s high 
switching speed, wide environmental tolerance, basic 
simplicity, and adaptability to digital-computer cir- 
cuits. Computers using Esaki diodes will be faster, 
smaller, use less power, and sell at a lower price than 
their conventional counterparts. 

Encouraging experimental results have been ob- 
tained from high-speed random-access memories and 
dynamic logic systems utilizing multi-phase clock 
sources. Whereas logic circuit speeds for present-day 
computers generally are limited to a clock-rate range 
of one to 10 megacycles, use of tunnel diodes now 
can bring about clock rates as high as 30 mc. With 
further development, clock rates of 1,000 me are 
expected to emerge from research laboratories. 

In addition to computer applications, tunnel di- 
odes will find uses in oscillators, amplifiers, ampli- 
fying detectors and mixers, limiters and switching 
elements, FM and television receivers, d-c to a-c 
converters, and equipment for satellites and space 
vehicles. 

Developmental work now underway in Japan is 
directed toward producing tunnel diodes with uni- 
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form characteristics and, in computers, improving 
circuit and logic techniques. The goal is to overcome 
problems inherent in the use of the tunnel diode, 
such as the fact that it has only two terminals and 
that the obtainable voltage signal is quite small 
(less than one volt). 

While computers using tunnel diodes are not yet 
on the market, the Electro Technical Laboratory 
(Japanese equivalent of the U.S. Bureau of Stand- 
ards) is constructing a large high-speed computer 
similar to IBM’s Stretch or Univac’s Larc, incorpo- 
rating an experimental supplementary tunnel-diode 
memory. Dr. Shigeru Takahashi, head of the labo- 
ratory, has revealed that addition times are planned 
to be about twice as fast as the Stretch computer’s. 

Also, the Tokyo University staff is developing a 
computer circuit using 35 Esaki tunnel diodes with 
30-me switching speeds. According to Takahashi, it 
is “theoretically feasible” to make a computer with 
switching capacity the same as that of the human 
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THE ELECTRONICS AGE in Japan 

is symbolized by this satellite monitoring 

station. Two of the most promising 

electronic developments have come from Japanese 
scientists—the tunnel diode and parametron. 
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brain by using 100,000 Esaki diodes, each with a 
100-me switching capacity. This will take a few 
years, however. Recently some technical difficulty 
has been experienced with the 30-mc Esaki diode 
computer program. 


Goto’s parametron 


Another development, the parametron, invented 
in 1954 by Dr. Eiichi Goto, a Tokyo University 
physicist, also is undergoing continual refinement. 
Eight Japanese electronic manufacturers are de- 
veloping parametron computers. (Several models 
now are on the market and are discussed later in 
this article.) These firms also are working on 
communication, control, and instrument equipment 
using parametrons. 

The parametron consists of a simple electrical 
resonant circuit in which information is stored by 
controlling the phase of the signal. 

Takahashi claims that a parametron computer 
can be built for about half the cost of a conventional 
vacuum-tube circuit computer. Other important ad- 
vantages are that tolerances are less rigid, the possi- 
bility of failure is remote, and since there is no 
dissipating appreciable heat, no air-conditioning is 
required. 

Although it generally has been believed in the 
United States that the parametron circuit requires 
uneconomical power consumption, Takahashi claims 
it consumes little power. 

The main limitation of the parametron circuit is 
its slow speed, and this is the problem now being 
attacked by Japanese investigators. Tokyo Univer- 
sity and TDK Electronics Co. are developing a mag- 
netic thin-film parametron, claimed to be higher in 
speed, reliability, and stability than the presently 
used ferrite parametron. 

The thin-film parametron has an excitation fre- 
quency of between 20 and 30 mc and a switching 
irequency (corresponding to clock frequency in 
non-parametron elements) of about 500 kilocycles. 

This new parametron, basically a thin film alloy 
of iron and nickel high in magnetic permeability, 
can be produced at a substantially lower cost and 
more uniform quality than the ferrite type, and is 
believed to have considerably greater potential. 
TDK Electronics, which is now producing about 
75,000 ferrite parametrons per month, expects to 
have the thin-film parametrons on the market early 
this year. 


26 Japanese computers in 3 years 


Reports are that a total of 26 computers have 
been designed, produced, and registered in Japan 
during the last three years. These include 10 known 
transistorized germanium diode and six parametron 
computers. The rate of development and production 
is increasing rapidly: 13 different models were pro- 
duced during 1959, 50 in 1960, and 100 estimated 
for 1961. Most Japanese computers to date have 
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been scientific systems. None has had large storage 
or extensive input and output facilities. 

Computer developments have been accomplished 
by government and university laboratories and by 
computer manufacturers. The manufacturers, which 
are large electrical and electronic firms, include To- 
shiba, Hitachi, Nippon, Fuji, and Oki. In addition 
several smaller companies manufacture peripheral 
equipment. 

Toshiba, the Tokyo Shibaura Electric Co., is one 
of the leading manufacturers of electrical machinery 
in Japan. Product divisions are heavy apparatus, 
lamps and tubes, telecommunications and electron- 
ics, electrical appliances, records, and automation 
and instruments. Toshiba has sales of about $260- 
million, operates 20 factories and two laboratories, 
and employs 30,000 people. 

The company has announced both digital and 
analog computers and control systems. 

Toshiba has technical agreements with several 
large U.S. electrical and electronic companies and is 
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part owner (with Remington Rand and a Japanese 
trading company) of a Japanese firm which has been 
set up to sell and service Univac computers. 


The Hipac of Hitachi 


Hitachi is another large electrical manufacturer 
in Japan, with sales of about $300-million, 20 fac- 
tories, three laboratories, and 34,000 employes. 

Principal computer made by the company, the 
Hipac 101 (HItachi Parametron Automatic Com- 
puter), is a medium-size, stored-program, scientific 
computer using about 5,500 parametron logical ele- 
ments. To supplement the low-clock frequency of 
the parametron, a parallel mode of operation is 
used providing comparatively high-speed operation. 
Sixty-two types of instructions are possible. 

Nippon Electric Co., a manufacturer of electronic 
and communication equipment, TV and radio, does 
about $50-million in sales and has two factories. 
Neac 2201 is Nippon’s original, small, paper-tape 
computer without magnetic tape or external mem- 
ory. It uses a 200-ke clock pulse, has two index 
registers, and a 1.5 address system. 

Neac 2203, an improved version of the 2201, in- 
corporates magnetic tape and printing equipment, 
and consists of a serial decimal machine with fixed 
and floating-point arithmetic. The numerical word 
has 12 digit places, one word consisting of two sets 
of orders. This computer has 88 commands, a 1.5 
address system, and three index registers. It is bi- 
lingual in that it operates both on alpha-numeric 
representations and on the Japanese phonetic alpha- 
bet, “katakana.” 

The internal magnetic-drum memory has a capac- 
ity of 2,040 words with a mean access time of three 
milliseconds. The external memory is 200 words of 
magnetic-core storage, up to 10,000 words of mag- 
netic-drum storage, and up to 10 magnetic-tape 
units with a capacity of about 180,000 words. 

Although this medium-size system (which was 
designed and built by a group of only 10 engineers), 
is claimed to be similar in size and function to the 
IBM 650, it sells for about half the price. Nippon is 
reported to have orders for more than a dozen of 
these computers. 


Nippon’s parametron 


The Nippon parametron computer is a large, 
binary, digital computer called the M-1. The word 
length is 40 bits, core memory is 256 words, and the 
command structure has 126 to 150 instructions. Its 
5,000 parametrons are supposed to reduce the cost 
of the machine to one-tenth the cost and one-third 
the power of a similar machine with vacuum tubes. 
Patents have been applied for in eight countries in- 
cluding the United States. 

Fuji is the foremost Japanese communications 
manufacturer, with sales of about $20-million, three 
factories, and 5,000 employes. In 1956 the firm built 


the first Japanese electronic computer, Fujic, which 
is binary, has 32-bit word length, 225-word mem- 
ory, and arithmetic speed of 1.6 ms. Fuji now is 
building five models, including one parametron, and 
also produces a tape perforator, photo-electric-tape 
reader, and card reader. 

Oki Electric Co., a manufacturer of communica- 
tions equipment, has built one parametron com- 
puter. Another Oki product, a high-speed printer 
capable of printing 18,000 letters per minute, is de- 
signed for use with the IBM 1401 in Japan. Oki also 
makes a model-58 photo-tape reader, which reads a 
five- to eight-track punched-paper tape at the rate 
of 12,000 or 24,000 characters per minute, with 120 
or 180 characters per line spaced at 10 characters 
per inch. 

Kokusai Denshin Denwa Co. has planned to mar- 
ket the first Reactron computer. The only informa- 
tion available now is that the computer has a high 
clock rate of 350 ke. Other known manufacturers of 
peripheral equipment include Shinko Seisakusho 
(printer) and Kurosawa (teletype equipment). 

Tokyo University’s computer research staff has 
completed two ferrite parametron computers for 
their own use. PC-1 employs 4,200 parametrons. 
PC-2, using 12,000 parametrons, 300 transistors and 
diodes, and 300 electron tubes in its main comput- 
ing unit, operates at 340 usecs (microseconds) on 
15 decimal digits. It has addition and subtraction 
speed of 40 usec for fixed point and 150 usec for 
floating point. The memory unit bas a 4,096-word 
capacity with dual-frequency, magnetic-core ma- 
trices. 


Remington Rand and IBM in Japan 

Two U.S. firms are operating in Japan. Reming- 
ton Rand and two Japanese companies (Toshiba 
and a trading company) have joint ownership of a 
firm which rents, sells, services, and later will manu- 
facture Remington Rand equipment. Also, an IBM 
subsidiary has an assembly plant in Japan, and five 
Japanese computer manufacturers recently have 
entered into a license agreement with IBM under 
which all its computer patents will be made avail- 
able to the manufacturers on a royalty basis. 

The Ministry of Internal Trade & Industry under- 
writes the development of computers by an increas- 
ing amount each year—$650,000 for 1960. It also 
has requested a $6-million government appropria- 
tion to establish a unique semi-governmental elec- 
tronic computer firm under joint capitalization with 
all computer manufacturing firms. The company, 
Nippon Denshi Keisanki Kabushiki Kaisha, would 
purchase and lease Japanese computers. 

The firm, which probably will become a reality 
this year, is expected to enter into technical license 
agreements with non-Japanese producers and sublet 
these licenses to member firms. It also would engage 
in supplemental research and development, training, 
and especially computer programing. 
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A $40-million computer market 

Japanese production of computers plus imports 
indicates that the nation’s computer market last 
year was about $40-million. Japanese manufacturers 
to date have orders for about 50 computers in addi- 
tion to the 26 already installed. 

Because few Japanese can afford half-million- 
dollar computer rentals, the market for large sys- 
tems is restricted. 

Present users of Japanese computers are primarily 
the manufacturers’ own engineering departments 
and laboratories, other laboratories (especially com- 
munications), the government, universities, and a 
few business and industrial firms. Companies pro- 
ducing the most units are Nippon, Toshiba, and 
Hitachi, in that order, and the total value of all 
computers manufactured by Japanese companies in 
1960 was about $7-million. 

Imports of computers to Japan have risen sharply 
in the last five years, from $200,000 in 1955 to more 
than $30-million last year. In all, some 75 computers 
have been installed by U.S. companies—IBM, Rem- 
ington Rand, Burroughs, Bendix, and Royal McBee 
—and these companies currently have orders from 
Japanese customers for more than 100 additional 
machines. While the majority of the computers in- 
stalled and ordered are small- to medium-size busi- 
ness systems, several large-system purchases have 
been made—by Yawata Iron & Steel, Fuji Iron & 
Steel, Nippon Kokan, and the Japanese Meteor- 
ological Agency. 

Punch-card systems 

Japan is a large user of punch-card systems. In 
1950 there were 14 installations; today it is esti- 
mated that there are more than 500. Since Japan 
has some 1,400 companies with a capitalization of 
more than $300,000 and 160 companies at the over- 
$3-million level, the demand for and use of punch- 
card equipment will continue to be heavy. 

Users, of course, are limited by what they can 
afford to pay. Justification of computers as labor 
replacers is less important in Japan than in the 
U.S., not only because of Japan’s comparatively 
cheap labor, but also because of a traditional pater- 
nalistic relationship of Japanese employers to em- 
ployes., Thus, many advanced applications of com- 
puters in Japan are only for computations which 
cannot be performed manually. 

There is considerable potential for service-bureau 
operations in Japan. Japanese companies are accus- 
tomed to cooperating, and service bureaus would 
provide experienced programing and lower costs. 
The Japanese Electronic Industry Development 
Assn. has a large computer center which is half gov- 
ernment and half privately owned, and the trade 
ministry is forming an even larger computer center. 

Of the $40-million spent for computers in Japan 
during 1960, about 80% represents imports from the 
United States and the balance homemade machines. 


Japanese computer manufacture is expected to 
double each year through at least 1964. One esti- 
mate by a member of the trade ministry is that the 
Japanese is potentially 1/20th the U.S. market. 
Land of computer promise 

A consideration of Japan’s economy and its com- 
puter manufacturing activities and market, reveals 
several conclusions about future Japanese progress: 

® Japan, dominant industrial nation in the Far 
East, must import 90% of the raw materials it uses. 
Computers, and electronics generally, require a com- 
paratively low consumption of raw materials and 
also are particularly well suited to Japanese labor 
skills. Electronics expansion, especially of comput- 
ers, is the prime objective of the Japanese ministry. 

® Japanese electronics is more advanced than 
that of most nations. Tunnel diodes and parametron 
computer elements are internationally interesting 
and promising. 

® Since Japan has only one-tenth the computer 
R&D expenditure of the U.S. and currently is about 
five years behind the U.S. in general computer de- 
velopment and progress, there will be considerable 
technical licensing with U.S. computer firms. 

* Japan’s short supply of capital will influence 
computer activities such as amount of investment, 
research and development, leasing, delayed profits, 
etc. It also means that the Japanese government will 
play a significant role in computer activities. 

® Japanese companies can manufacture comput- 
ers for two-thirds the cost of equivalent U.S. sys- 
tems. They probably will manufacture and export 
computer components first and then central proc- 
essors before producing entire computer systems. 

® Japan probably will supply the majority of its 
internal requirements in four years. At that time, 
the ministry possibly will prohibit the importation 
of non-unique computers. 

® Not expected to be a significant exporter of 
computers for some five years, Japan will be handi- 
capped in many markets by equipment and program 
compatibilities and in applying, leasing, and servic- 
ing computers off-shore. Probably initial exports will 
be to other Far East nations. 

s U.S. companies will be able to supply much of 
the Japanese market for the next three years and 
will be sending some of their most advanced systems 
to Japan for many years. 

Recognizing the growing importance of the elec- 
tronics industry to the country’s economy, the Jap- 
anese government recently established an inspection 
bureau to assure that no inferior electronic mer- 
chandise is exported. With this official emphasis on 
quality and with the government conducting re- 
search in its own laboratories and also subsidizing 
research and experimental manufacturing by private 
companies, Japanese electronics has come a long 
way from the “clever-imitators” label it may have 
deserved a decade ago. s 
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SPEEDUP 
IN OFFICE COPYING 


GIRL FRIDAY of the 


office-equipment industry these days 
is the copy machine, fast growing to 
a leadership position in the field 
where it already accounts for more 
than $270-million in annual sales. 

Copy machines get more and 
more attention as their manufactur- 
ers —- now some two dozen — bring 
out new copying processes and 
streamlined desk-size copiers which 
are becoming more versatile with 
each new model. Modern copiers al- 
ready have reached the push-button 
stage and soon will be copying 
everything but milady’s new hat. 
Can you imagine an office staff hav- 
ing no need for carbon paper or tis- 
sue? With the new high-speed, low- 
cost copiers, that day practically is 
here. 

Purchasers today have their pick 
of six basic copying processes, each 
with its individual merits and appli- 
cations, and a selection of models 
that range from smaller than a type- 
writer to bigger than a desk, and 
from less than $100 to several thou- 
sand dollars each. 

Yet, with all this product sophis- 
tication, the office-copying machine 
is still in its childhood as a busi- 
ness, for its present boom began just 
eight years ago. Its origin, curiously 
enough, was not in the United 
States, but in Europe. 

While office copying is relatively 
new, there always has been a need 
and demand for it. In the past, there 
were two principal methods of copy- 
ing. One was conventional two-step 
photography. It required darkroom 
and wet chemicals, and the opera- 
tion generally was considered slop- 


py, time-consuming, and not suited 
to the office area. A spot in the shop 
or basement was far better. Never- 
theless, quality of the copies often 
was good. 


Paper-negative copying 


The second method, an offshoot of 
the first, was the photocopying proc- 
ess; similar to ordinary photogra- 
phy, it used a paper negative. Day- 
light processing could be done auto- 
matically, but the process required 
huge machines which, like the dark- 
room, had no place in the office. 
The machines were costly, as were 
paper and other supplies, and conse- 
quently volume had to be large to 
justify the expenditure. 

That was the status of office copy- 
ing in the United States in 1952 
when the diffusion-transfer process 
first made its appearance here. 

Diffusion transfer was developed 
in Europe, and the first achievement 
was emergence of an acceptable dif- 
fusion-transfer paper. Two compa- 
nies came up with it at about the 
same time: Agfa, of Leverkusen, 
West Germany, and Gaevert, of 
Antwerp, Belgium. Work was started 
in 1938 or 1939, but World War II 
relegated it to the sidelines. 

When peace returned, research 
was resumed, and it became appar- 
ent that development of a new ma- 
chine was needed to make the diffu- 
sion-transfer process practical. 

Agfa moved first, gathering a 
group of wet-process equipment 
manufacturers to demonstrate to 
them under laboratory conditions 
how a copy could be made. In effect, 
Agfa challenged potential manufac- 
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turers to come up with a machine 
that would tick 

One of the men present, Dr. Wal 
ter Eisbein, picked up the gauntlet 
He returned to demonstrate to the 
same group a machine that everyone 
would get the diffusion 
transfer process off the ground. This 


igreed 


was in late 1947 and the process was 
put on the market, first in Germany, 


in 1949 


Lens-less diffusion transfer 


In the diffusion-transfer process, 
light passes through a photographic 
type negative to the document to be 


copied, and then is reflected back to 
the sensitized surface of the nega 
tive. Thus exposed, the negative i 
placed in contact with a sheet of 
chemically treated copy paper, the 
two are passed through a liquid de 
veloper, and then through rollers 
that remove the developer and press 


PROCESS TRADE NAMES 


COST OF 
MATERIALS 
(per letter-size 

copy) 


ADVANTAGES AND 
LIMITATIONS 


Diffusion- 
Transfer 


Apeco 
and 16 others 


First copy 30 
seconds; second 
copy using same 
negative in 15 
seconds. 


First copy eight 
cents; second 
copy using 
same negative 
four cents. 


Some models make only one copy from a 
negative; others make two or even three. 
Various weights and five colors of paper 
are available. Copies all types of originals, 
including colored ink and spirit duplica- 
tion. Prints in black only. 


Dye-Gelatin 
Transfer 


Verifax 


First copy 50 
seconds; other 
copies using 
same negative 


20 seconds each. 


First copy nine 
cents; other 
copies using 
same negative 
a quarter-cent 
each. 


A number of copies can be made from one 
negative. Copies can be made on inexpen- 
sive non-sensitized paper. Prints black on 
white only. Originals on some dark-colored 
paper stocks (such as blue) do not repro- 
duce satisfactorily. Some colors of ink do 
not copy well. Operation less automatic 
than in other processes. 


Thermography Thermo-Fax 


Four seconds. 


Five cents. 


Several colors and weights of paper avail- 
able, including gummed sheets of labels. 
Accessories adapt process to many copy- 
ing uses. Originals must be in carbon or 
metallic inks. Some ballpoint pen inks and 
some printed colors will not reproduce 
well. Uses no liquids. 


Bruning Copyflex 
Copymaker 
Ozalid 


for reproducti 


tse d mainly 


drau 
ings not for ofhes 


enginecring 


copym 


Continuous copy 
feeding — up to 
300 letter-size 
pages per hour 
— larger models 
feed up to 75 
feet per minute. 


One cent or 
less. 


Some models take printed matter or draw- 
ings up to 54 inches wide. Several colors 
of paper and printing are available, with 
five colors of printing on one page possi- 
ble using manual application of solutions. 
Original must be one-sided and translu- 
cent. Copies have less contrast than in 
some other processes. 


Electro-Stat 
Xerox 914 


Electrostatics 


Eight to 12 sec- 
onds. 


One to three- 
and-a-half cents. 


Newest process on the market. High- 
fidelity reproduction, with multiple copies 
of equal quality. Uses no liquids. Haloid- 
Xerox 914 rents for $95 a month, Apeco 
Electro-Stat for $40. Machines also may be 
purchased. 


Facsimile Alden 

Fairchild 

Hogan Laboratories 
Stromberg-Carlison 
Times Facsimile 
Western-Union 


Thirty seconds. 


Four-and-a-half 
cents. 


May be used for long-distance communi- 
cation since copy is made by photoelectric 
scanning of original. Can be used to pre- 
pare stencils. Some models will copy orig- 
inals of any length. Can be used to copy 
only selected portions of original. Uses no 
liquids. 
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the two sheets together. When peeled 
apart, usually by hand, the treated 
paper is a copy of the original. No 
lens is used, and consequently copies 
cannot be larger or smaller than the 
original. 

Eisbein’s machine, for which he 
was granted a patent, was followed 
by others’. Later he received a pat 
ent in the U. S. as well as in other 
countries. The idea was spreading 
throughout the world, and the proc- 
ess at last reached America in 1952. 

At this stage Ejisbein ran into 
trouble. He had started a company 
known as Develop, in Germany, and 
hoped to get distribution in the 
United States. He was not success- 
ful. The big American office-copying 
manufacturer» apparently were not 
interested in what he had to offer. 
Exception in Remington Rand 

The one notable exception was 
Remington Rand. It didn’t help Eis- 
bein, however, because Remington 
took on, not Eisbein’s machine, but 
another made in Germany, named 
Lumoprint. Eisbein finally achieved 
U.S. distribution through an exclu- 
sive arrangement with the Copease 
Corp. of New York. 

Copiers made an instant hit in the 
United States in 1952. Immediately, 
the public decided this is what it 
wanted: here was a way to make a 
copy without the necessity of a 
darkroom and trays full of liquids. 
Here, thought the executive, is some 
thing my secretary can do and origi- 
nals won't have to leave the office. 

Leader among U.S. manufactur- 
ers of diffusion-transfer machines 
is American Photocopy Equipment 
Co., which accounts for about 25°, 
of sales of desk-top machines using 
this process. Apeco began marketing 
a two-piece, wet-process photocopy 
machine in 1939 and 13 years later 
brought out a small diffusion unit 
which was the first of the modern, 
easy-to-operate copiers. Still another 
Apeco advance, in 1958, was the in- 
troduction of the first diffusion office 
machine using a one-step process 

Today diffusion-transfer, earliest 
on the market, has more manufac- 
turers than any of the other proc 
esses. Prominent trade-names, in 
addition to Apeco, include A. B 
Dick Photocopier, Anken, Copease, 
Cormac, Constat, Contoura, Copy- 
Craft, Dri-Stat, Genco-Exact Fax, 
Heccowik, Instant Copier, Nord, 
Photorapid, Photocopy Duplicator, 
Quick Silver, and Remington Rand. 
Only two U.S. companies, Apeco 
and Anken, manufacture copy paper 
for use in diffusion copiers. 

Akin to the diffusion-transfer 
process is the dye-gelatin transfer of 
Eastman Kodak Co. The company’s 


widely distributed Verifax machine 
is a one-solution contact copier with 
which a number of single copies may 
be made from an exposed and de- 
veloped matrix, corresponding to a 
photographic negative. 

The emulsion on the matrix con- 
sists of silver halide, developer, and 
dye-forming components. After ex- 
posure, the matrix is inserted into 
an activator solution. Areas of the 
matrix which had been exposed to 
white light become hardened; the 
dark-image areas remain soft and 
may be partially transferred to un- 
treated paper by squeegee contact 
with the matrix. Repeat transfers 
make additional satisfactory copies. 
As many as eight or nine copies can 
be made in this way, the number de- 
pending somewhat on the quality of 
the original and the operator. 


3-M’s thermography 


While Kodak was advancing its 
Verifax copier, Minnesota Mining & 
Manufacturing was bringing out an 
entirely different concept, developed 
by Dr. Carl Miller of its research 
staff, and known as the heat-transfer 
or thermographic process. 

Here, infrared rays pass through 
sensitized copypaper to the original 
document. Carbon or metallic par- 
ticles of the printing on the original 
are heated. The hot image turns the 
copypaper dark. 

There are some limitations to this 
process. Originals must be of infra- 
red absorptive inks, such as carbon- 
based or metallic inks. Thus, some 
ballpoint-pen inks and some printed 
colors do not reproduce well. How- 
ever, a number of manufacturers of 
printing inks and of ballpoint pens 
now have products on the market 
which give good results in thermo- 
graphic copying. 


Dry, versatile Thermo-Fax 


Despite handicaps and early dis- 
appointments, 3-M now has a heat 
machine with such tremendous ac- 
ceptance that it commands about 
35°, of the copy-machine market. 

One reason for this, certainly, has 
been the fact that the Thermo-Fax 
Copying Machine was the first com- 
pletely dry office copier and, for the 
small-volume user, it still is the least 
expensive of the processes which 
produce copies without use of liquid 
or vapor chemicals. 

Perhaps another reason for 
Thermo-Fax’s continuing popularity 
has been the company’s emphasis 
on the versatility of its product. 
Thermo-Fax specializes, among 
other things, in providing a wide 
variety of printing papers—from air- 
mail lightweight to colored bonds 


and gummed sheets of labels, the 
latter offering time-saving reproduc- 
tion of small or, especially, infre- 
quently used mailing lists. 

Another development enables a 
low-cost projection transparency to 
be made from almost any document 
in seconds merely by running a 
special film with the original through 
a copying machine. The resulting 
transparency, for use on an over- 
head projector, may be made in 
positive, negative, or colored form. 
Still another development allows for 
automatic sealing of documents in 
plastic for protection. 

Research to find new jobs for the 
Thermo-Fax copier is being carried 
on constantly, according to John R. 
Favorite, technical director of 3-M’s 
duplicating products division, who 
sees a continuing development of 
Thermo-Fax’s usefulness. 

From blueprinting to diazo 

On the fringes of the photo- 
graphic, diffusion-transfer, dye-gela- 
tin, and thermographic processes 
emerged a method of making copies 
the basic concept of which had long 
been used in the reproduction of en- 
gineering drawings. This was known 
as a blueprint machine, and it has 
been supplemented by a new proc- 
ess, also developed in Germany and 
known as diazo. Its best-known off- 
shoot is Ozalid (which, with the ad- 
dition of one consonant for euphony, 
is diazo spelled backward ). 

The advocates of diazo took a 
look at the office-copying field, and 
decided it was for them. They 
brought out smaller machines that 
today are recognized under such 
names as Bruning Copyflex and 
Copymaker. 

While all this scurrying for mar- 
kets was going on, a little-noted but 
parallel development was gathering 
momentum. This process, really 
physical or electrical photography, 
came into the market under the 
then-unfamiliar term xerography, 
the word being the brainchild of an 
Ohio State professor who crossed 
the Greek xeros, meaning “dry,” 
with graphein, meaning “to write.” 

Xerography was discovered by 
Chester F. Carlson, a patent attor- 
ney with a printing background who 
was impressed with the difficulties 
of copying original material such as 
legal documents. All conventional 
printing methods—letterpress, off- 
set, typing, photography—were ex- 
pensive or time-consuming for a 
single copy. Moreover, reproduction 
generally necessitated the original 
document’s leaving the office, a seri- 
ous drawback with a confidential 
paper. 

Carlson sought a safe, fast, inex- 
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to make photo-exact 


pensive way 
copies so that time spent in proof 
reading also could be eliminated. 
He felt the answer lay in the use of 
photoconductive insulating materi 
als and the principles of static ele« 
tricity 


An application of static 


Carlson's theory bore fruit. In a 
darkened room he rubbed a sulphur- 
coated plate with a handkerchief to 
charge it frictionally with electric 
ity. Then he placed a transparent 
ruler with black markings over the 
plate, and exposed both to light 

In about 10 seconds he turned off 
the light, carefully removed the 
ruler, sprinkled a little Lycopodium 
powder on the plate, and gently 
blew away the residue. Then he 
turned on the light again 

There, adhering to the plate was 
a perfect image of the scale on the 
celluloid ruler. Every line and inch 
number stood out as tiny ridges of 
powder. Small, but nonetheless real, 
electrostatic forces were holding the 
powder to the plate 

From this simple experiment was 


born xerography which, during some 
10 years of research and develop- 
ment, was used mainly in the man- 
ual preparation of duplicate copies 
and offset paper masters and, in a 
few large machines, for high-volume 
copies. Now this fundamental con 
cept has been embodied in a highly 
automatic desk-size office copying 
machine, introduced by Haloid Xer 
ox Inc. under the name of Xerox- 
914 office copier. 

The process used in the 914 in- 
volves projecting the image of the 
original material onto an electro- 
statically charged selenium drum. 
Following exposure, a pattern of 
charged and discharged areas corre 
sponding to the original image re 
mains on the drum. Oppositely 


charged ink powder then is drawn 
to the charged areas and, in turn, is 
transferred to paper brought in con- 
tact with the drum. 


Electrostatic competition 


Also using an electrostatic process 
is the Electro-Stat desk-top copier 
recently put on the market by 
Apeco. The Electro-Stat, smaller in 
size than the 914, also differs in that 
the image of the original is pro- 
jected directly to a sensitized sheet 
of paper, rather than a selenium 
drum. Both machines provide high- 
fidelity copies on low-cost papers. 

A third electrostatic copier is 
reported under development by 
Charles Bruning Co. Inc., which ex 
pects to have its machine on the 
market soon. Other companies in the 
field also have announced develop- 
mental machines. 

Some see in the electrostatic proc 
ess the knell of carbon typewriter 
Since the last copy from 
these new machines is as good as the 
first, it is more efficient, these ob 
servers say, simply to type an origi 
nal and let the copy machine dupli 
cate it in whatever volume may be 
needed. Thus, the often messy and 
time-consuming chore of correcting 
carbon copies can be eliminated. 


copies. 


Long-distance copying 


Still another copying process, now 
in use to a limited extent, is photo- 
electric scanning, popularly known 
as facsimile. Considered primarily 
as a long-distance communications 
device at present, facsimile is de- 
veloping rapidly in value as a copier 
for both interoffice and intraoffice 
use. 

In photoelectric scanning, the 
original material is wrapped around 
a rotating drum and a blank copy 
sheet is wrapped around a second 
drum which rotates in synchroniza- 
tion with the first. (Some machines 
now can be fed material in flat form 
and, therefore, can take originals of 
any length. ) 

A narrow beam of light moves 
over and “reads” the original mate- 
rial. The light beam is reflected into 
a photoelectric cell where it gener- 


ates a current corresponding in 
strength to the strength of the re- 
flected light (which depends upon 
whether it is being reflected from a 
light or dark area). This current 
produces a corresponding current in 
a stylus of the second machine and 
the stylus, passing over the special 
copypaper, reproduces the pattern 
which has been “read” by the light 
beam on the original. 

Quality of copies obtained by this 
method permits copying and trans- 
mission of material requiring very 
clear reproduction such as bank 
account signatures. Facsimile also 
has been found useful in producing 
from a single order copy all neces 
sary vouchers, invoices, shipping la 
bels, etc., at the point of use. It also 
can take coded information from 
documents for punched-card or mag- 
netic storage. 

In long-distance transmission, fac 
simile is in use for sending large-size 
copy such as drawings or blueprints 
and for selectively transmitting vital 
portions of business documents. 

Even more extensive long-distance 
use of facsimile may be forecast 
from an experiment in using the 
method to transmit mail from Wash 
ington, D.C., to Chicago, which was 
conducted from Oct. 17 to Dec. 2, 
1960. If this service is adopted by 
the U.S. Postoffice Dept., it prob 
ably will work this way: 

s The sender will write his letter 
on special paper, seal it, and drop it 
in the mailbox. When collected and 
taken to the postoffice, the sealed 
letter will be fed into a machine 
which, in seconds, will open. it, 
transmit the message to the destina 
tion city, then destroy the original 
(A computer will be used to control 
routing.) At the destination city, a 
postoffice receiving machine will 
produce and seal a copy of the let- 
ter, ready for delivery. Mail han 
dlers will not see the message in 
either the sending or receiving city 
Disappearing confidential 
messages 

A recent facsimile development is 
a recording paper from which the 
message temporarily disappears im 
mediately after recording, then re 
appears later at a given time, a boon 
to both military and business opera- 
tions of a confidential nature. 

New also are increases in trans- 
mission speeds, which now are 10 
to 15 times faster than previously 
have been possible with facsimile. 

Companies with an eye on the 
future are experimenting further 
with facsimile. Now a copy can be 
made only in one office at a time; if 
intended for someone at a distant 
point, it has to be mailed. Copy- 
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“We have exceptional resources — human resources, resources of skill and 
talent, a great reservoir of intellectual energy and ideas, and a climate 
stimulating to innovation in the realm of ideas...” 


These are the words of Dr. James R. Killian, Chairman of M.L.T., in describing 
Massachusetts as a focal point for scientific achievement. 


Let us provide you with detailed, factual material about the superior facilities 
for Applied Research in Massachusetts — where people in science like to locate. 


Foster Furcolo — Governor 
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AUTOMATE 


YOUR 


ANALYSES 


Many chemical analyses that are 


difficult and time-consuming by conventional methods can now be 


performed in seconds on the Schlumberger Analyzer. Both 


quantitative and qualitative measurements are made without destruction 


of the sample: simple weighing is the only preparation involved, 


and analysis is printed out in permanent graph form. The Schlumberger 


Analyzer uses principles of radio frequency spectroscopy to make 


such measurements as: per cent of certain elements in compounds or 


mixtures; per cent solids in a liquid; per cent moisture or oil 


in a solid; per cent crystallinity in a polymer; and many others. Operation 


of the Analyzer is simple. Experience has proved that the Analyzer 


will free several chemists or technicians for other work, and the speed 


of analysis will quickly pay 
for the instrument Send for new 


detailed 12-page brochure 


Ridgefield Instrument Group 
SCHLUMBERGER CORP. 


Ridgefield. Connecticut * [D!ewood 8-2631 


Remarkable new 
aid for engineering 
training programs 


Now, with AUTOMAT 235A Set, your trainees 
can construct their own precision-engineecred 
model mechanisms and see the principles of 
speed ratio, torque, mechanical advantage, 
etc., in 3-dimensional operation. Swiss-made 
to highest standards of accuracy, AUTOMAT 
contains 1300 steel and aluminum compo- 
nents; color-illustrated manual. List $225.00 
(quantity discounts). Also available: AUTO- 
MAT Starter Set (177 components) ideal for 
youngsters and hobbyists. List $39.95. 
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consider either 


machine manufacturers envisage of- 
fice copiers that will transmit fac- 
similes to several points simultane- 
ously 

Transmission will be by telephone 
lines, coaxial cables, or radio waves 
And the transmitting office will have 
nothing more to do than dial the lo- 
cations and send the copied message 


Which machine? 

With the large variety of processes 
and models to select from, and with 
research developments making the 
future ever brighter for extensive use 
of office copying machines, business 
men today may have some questions 
about which particular kind of 
copier their offices should have. 

The answer, quite sensibly, is that 
they should select the machine re 
lated best to their particular needs 
and budgets. 

Some characteristics of the six 
basic copying processes are sum 
marized in the chart on page 70. It 
perhaps should be pointed out that 
some models of all of these processes 
will prepare offset masters, a need 
in many offices. In addition, both 
electrostatic and facsimile methods 
can be used in making masters for 
spirit duplicators, and facsimile ma- 
chines can be adapted for prepara- 
tion of mimeograph stencils. 

In some cases, special adapters 
are needed on machines to copy 
pages from bound volumes, but all 
the processes basically are capable 
of copying two-sided material (ex 
cept diazo, which is the least ex 
pensive method, overall, but which 
requires original copy to be both 
one-sided and translucent ) 

While three of the processes 
diazo, diffusion, and dye—involve 
use of liquids or vapors, early objec 
tions to this are being overcome, in 
the newest models, by engineering 
away the need for operators to han- 
dle the chemicals except in closed 
containers. 


Tomorrow’s copier 

Today’s crop of office copiers, for 
all their versatility, do not yet chal- 
lenge the printing presses or dupli 
cators, where runs of 6,000 an hour 
are common. However, if techno 
logical improvement continues at its 
present rate, copying speeds several 
times those of today’s office copiers 
can be expected in the next few 
years. 

Other attributes that probably 
will be required of them are sim 
plicity of operation, ease of installa- 
tion anywhere, and a minimum of 
attention and supplies. Basic re- 
quirements of such copiers must be 
low operating cost and suitability 
for large use. + 
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ONLY ONE MOVING PART IN 
New Pressure-to-Voltage System 


* stiff metal diaphragm moves only 
.003” 


+ 0-5 volt, DC output, full scale 
* operating range from —85F to 212F 
* operates from standard 28-voit DC 
supply 

any range: O-.1 PSI; 0-3500 PSI 

* send for complete specifications 
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INCORPORATED Group 
P.0. BOX 3308 ALBUQUERQUE, NEW MEXICO | 
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EXECUTIVE HOME FOR SALE 


Lakefront ranch home for sale in Chicago suburb 
offers unique opportunity to live in the country on 
one of Lake Michigan's finest beaches, yet be within 
commuting distance of the research and industrial 
center of Chicago. Community has excellent schools, 
all services. House is redwood and brick, indoor 
fireplace in living room, outdoor fireplace for bar- 
becuing in glass-enclosed porch, which also con- 
tains complete kitchen (in addition to main kitchen). 
Two bathrooms, photographic darkroom, woodshop, 
panelled living-dining room, two bedrooms plus an 
office-studio that converts to third bedroom. Exten- 
sive multi-terraced rock and evergreen gardens sur- 
round the house, which has carport, modern gar- 
den shed, large closets, extensive cupboards, and 
‘built-in furniture. House is situated on 100 feet of 
exclusive lake front with riparian rights, and is pro- 
tected by steel-piling seawall. Electric winch pulls 
up to 2,000-Ib. boat onto beach. Sale price includes 
complete modern furniture, drapes, appliances. 
$42,000. No agent. Write for weekend appointment 
to Box 210, Industrial Research, 200 S. Michigan 
v., Chicago 4, III 
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Find out... 


the many use-tested, profit-boosting ideas 
that can save you money immediately. 
how every department can use photocopy- 
ing to speed paperwork with no procedure 
change. 

the many uses for photocopying besides 
routine copy work. 

Every idea proven profitabie by actual 
office use in top-rated, Hationally-known 
business orga.sizations. 
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Learn how this new 


APECO copymaker can 


increase your profits! 


NAME 


A MODERN © 


ADORESS 


COMPANY 


i 
a 
A UST WEA aTs 
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— ‘ every business. reveals 
this Postage-Paid Card TODAY! 


Wait ‘til you see this... 
NEW HI-SPEED 


APECO COPYMAKER 
Has Everything! 


VERSATILITY 
‘OPIES EVERYTHING...EVERY COLOR 


The new Apeco Uni-Matic 
Auto-Stat is an all-purpose 
copymaker without limitations. 
It copies everything—any 

» Paper, printed on one or both 
sides—any color—any ink. 


SPEED: 


1-STEP AUTOMATIC OPERATION 


Hand any original to this 
amazing electric copymaker 
—it hands it right back and 
out rolls a copy. Anyone can 
make perfect copies 

every time. 


QUALITY 


SHARP, CLEAR BLACK-ON-WHI/TE COPIES 


Apeco copies are easy to read 
—clean, black-on-white, 
exact. Copies are complete 
—legally acceptable and 
error-proof. 


Everything My 


AIR MAIL 


LOW COST: 
SAVES TIME—CUTS WASTED MATERIAL 


l-step Apeco copying is fast 
and sure. This simple hi-speed 
operation assures a good 
copy, every copy. Saves both 
time and money. 


REPLY CARD Find out about this | 
WILL RUSH YOUR 


ee: new Apeco Copymaker... | 
BOOK TO You! Read This New Free Book! | 


APECO @ american PHOTOCOPY EQUIPMENT CO. Autostar are 


registered trade marks 


f the Ameri Photo- 
2100 W. Dempster, Evanston. Illinois copy Equipment Co. 
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How To Improve Designs 


automotive cooling — fan drive —"™ 


Silicone fluids let you 
forget time -- temperature 


Design more efficient mechano-fluid devices. 


Assure reliable. uniform 


performance. Do both with Dow Corning silicone fluids. 


s ne fluids let you forget time because they are resistant to oxidation 
cumming and nonsludging. Silicone fluids let you forget 
ture because they maintain a near-constant viscosity. regardless 


her operating environment be hot or cold... are serviceable at 


! 
stures as low as minus 100 F: at temperatures as high as 400 F. 


Furthermore. silicone fluids are highly re- 
sistant to breakdown due to shear: are 


noncorrosive. 


These are the reasons silicone fluids make 
possible design changes impractical with 
other fluids help improve damping 
devices. fluid couplings. liquid springs and 
hydraulic power drives. Here are two typi- 


cal examples: 


Unimpaired Drive Action 

The Viseo-Drive assembly shown opposite, 
designed and manufactured by Eaton Man- 
ufacturing Company, automatically slows 
automotive engine fans at high speeds when 
cooling is least needed . . . conserves horse- 


power and reduces noise. 


Eaton engineers specify Dow Corning sili- 
cone fluid as the drive medium to assure 
uniform driving action over long periods 


of time under widely differing conditions. 


Soaks Up Shock 

Another example is an aireraft shock 
absorber manufactured by Cleveland Pneu- 
matic Tool Company. Because the Dow 
Corning silicone fluid used in this liquid 
spring is much more compressible than 
other liquids, designers were able to reduce 
size of the oil chamber by 30°, thus 


saving vital weight and space. 


VISCOSITY ve TEMPERATURE § 


DOW CORNING SILICONE FLUIDS 


=O" 

Learn how other designers are 
putting to advantage the unusual 
combination of properties avail- 
able only in silicone fluids. Send 
today for descriptive brochure. 


Address Dept. $412. 


for technical assistance 
nes to your products is 
ing offee nearest you. 


Dow Corning CORPORATION 


ATLANTA BOSTON CHICAGO CLEVELAND 


MIDLAND. MICHIGAN 


DALLAS LOS ANGELES NEW YORK WASHINGTON, D.C. 
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